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PREFACE. 



The present Treatise has been written with the view of 
providing an Elementary Text-book upon the Principles 
of Mechanism for the Students in the Applied Science 
Department of King's College. 

The method of classification which has been adopted 
may perhaps fail to satisfy a very critical reader, and 
is no doubt open to objection. The Author would, 
however, remark that this book is simply designed to 
serve as an introduction to the elaborate and highly 
philosophical work of Professor Willis, and is not in- 
tended to stand alone as sufficient in itself. 

King's College, London: June 1860. 



TABLE OF CONTENTS. 



INTRODUCTION. 

General Statement. Definitions. Spur, Crown, and Bevil Wheels. 
Screw Surface. Screw Thread. Pitch of a Screw. Worm Wheel. 
Belts or Bands. Shafting. Arbor. Driver. Follower. Gearing 
or Gear ---,--- Page 1 

CHAPTER L 

ON THE CONVERSION OF CIBCULAB INTO BECIPBOCATINO MOTION. 

Art 1 — 3. Elementary Considerations. 4. The Crank and Connecting 
Rod. 5. The Eccentric Circle. 6. The Swash Plate. 7. The 
Eccentric. 8 — 10. Intermittent Motion. 11 — 14. Escapements. 
15 — 29. Cams of various kinds : the Heart Wheel, the Worm Barrel, 
the Expansion Cam, Double Cams. 30 — 35. Mangle Wheels and 
Racks. 36^43. Circular in Reciprocating Motion by Wheelwork : 
Collier's Planing Machine, Whitworth*s Reversing Motions, Screwing 
Machines. 44, 45. Crossed and Open Bands. 46— 50. Recipro- 
cating Motion with a Quick Return : Whitworth's Shaping Machine. 
51. Stanhope Levers. 52, 53. Reciprocation by Linkwork -^ 8 

CHAP. n. 

ON TUB CONVEBSION OF RECIPROCATING INTO CIRCULAR MOTION. 

Art. 54 — 56. General Principles. 57. Ratchet Wheels. 5S. Prac- 
tical Subdivision of the Teeth. 59. Detent. 60. Equivalent for a 
Ratchet Wheel. 61, 62. Feed in a Planing Machine. 63. Es< 
capement. 64. Levers of Lagarousse. 65. Screw Barrel - 45 

CHAP. IIL 

ON THE TEETH OF WHEELS. 

Art. 66 — 68. Statement of the Problem. 69. Epicycloid and Hypo- 
cycloid. 70—72. Solution of the Problem. 73—75. Teeth with 
Radial Flanks. 76-78. Pin Wheels. 79,80. Involute Teeth. 
81, 82. Rucks and Pinions. 83—87. General Considerations. 88. 
Bcvil Wheels ------- (i^ 



Vlll CONTENTS. 

CHAP. IV. 
ON THE USB OF WHEELS IN TRAINS. 

Art. 89—91. Wheels in Trains: Value of the Train, Idle Wheels, 
Marlboroagh Wheel 92. Circular and Diametral Pitch. 93. £ight< 
day Clock. 94. The Screw-cutting Lathe. 95. Reducing Motion. 
96, 97. Connection of Axes .... Page 70 

CHAP. V. 

ON AOOBBGATB MOTION. 

Art 98 — 100. Examples: Lazy Tongs, Differential Screw, Chinese 
Windlass. 101, 102. Epicyclic Trains. 103. Ferguson*s Paradox. 
104. Sun and Planet Wheels. 105 — 107. Houldsworth*s Bobbin 
Motion. 108. Phases of the Moon. 109. Slow Motion. 110. 
Comparison of Fixed and Epicyclic Trains. 111. Equation Clocks. 
112 — 116. Parallel Motion. 117. Deviation from the Vertical. 
118. Similar Curves. 119. The Pantograph. 120, 121. Parallel 
Motions of Beam Engines. 122, 123. Parallel Motion of the 
** Gorgon" Engines. 124. Parallel Motion for rolling Steel Plates. 
125 — 128. Drilling and Boring Machinery. 130. Wheel Boiling. 
131. Watt's Indicator. 132, 133. The oval Chuck. 134. Sie- 
men*s Chronometric Governor • - - • - 83 

CHAP. VL 

ON MISCELLANEOUS CONTRIVANCES. 

Ajrt. 135 — 142. The Fusee and its Applications : Formation of a "Cop," 
Boberts's Winding-on Motion, Screw of varying Pitch, The Snail, 
The Disc and Boiler. 143. Conical Pulleys. 144. Speed Pulleys. 
145—147. Boiling Curves. 148. The Double Eccentric 149. 
Bell Crank Levers. 150. The Geneva Stop. 151. The Star Wheel. 
152. Counting Wheels 2 The Differential Worm Wheel. 153. The 
Toggle Joint. 154. Saxton*s Differential Pulleys. 155. Step Wheels. 
156. Hooke's Joint - - - - - -121 



ELEMENTS OF MECHANISM. 



INTRODUCTION. 

A MACHINE may be defined to be an assemblage of moving 
parts, conatructed for the purpose of transmitting motion or 
force, and of modifying, in various ways, the motion or force 
80 transmitted. 

The parts of a machine are set in motion bj some moving 
power, which may be derived from any convenient source, 
and the machine itself must be constructed with reference 
to the character of the power from which its motion is 
derived. 

The introduction of the steam-engine has greatly sim- 
plified the art of constructive mechanism, by rendering the 
soarce of power uniform and undeviating; the steam-engine 
is always employed to give rotation to a piece of shafting, 
and the mechanic is required to derive from the smooth and 
steady rotation of a shaft every movement which the nature 
of the work may demand. Thus the starting point for steam- 
machinery is everywhere the same, and the problem of 
making a machine resolves itself into a question of the 
resolution or transfer of circular motion in every variety of 
manner, and subject to every possible modification. 

B 
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Accordingly we propose to commence with a discussion of 
the methods adopted for the conversion of circular into 
reciprocating motion ; then to proceed to the inverse pro- 
blem, or to examine the conversion of reciprocating into 
circular motion ; to pass on to an enquiry into the results 
deduced from combinations of wheelwork in trains, giving 
the theory which has led to an accurate shaping of the teeth 
of wheels ; to consider, further, some arrangements by which 
a moving piece may be made the recipient of two or more 
independent motions; and finally, to conclude by collect- 
ing and analysing certain miscellaneous contrivances which 
produce results of a specific and very noticeable cha- 
racter. 

It will be necessary to premise a few general remarks and 
definitions. 

In the transfer of motion or force from one axis to an- 
other, wheels furnished with teeth are commonly employed. 
The various calculations connected with the forms of teeth 
which are suitable for this purpose will be given hereafter ; 
at the present time we may remark, that the most simple 
case of the transfer of motion from one axis to another 
occurs when a circular disc or plate moves another by 
rolling contact. 

In such a case the uniform motion of the axis, a, conveys 
Fig. 1. a perfectly even and uni- 

form motion to the other 
axis, B. (Fig. 1.) 

If A and B were circu- 
lar plates with smooth 
flat edges, and very ac- 
curately adjusted, we 
might expect a to move 
B by friction alone, without any slipping of the surfaces in 
contact, but we could never expect a to overcome any great 
resistance to motion in b ; or, in other words, we could 
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not convey force by the action of one disc upon the 
other. 

The transmission of force being an essential condition 
in machinery, the discs a and b are provided with teeth 
as in the annexed ^^^^ 

figure, and the me* 
chauist endeavours so 
to form and shape the 
teeth that the motion ^ 
shall be exactly the ^ 
same as if one circle 
rolled npoD another. 

Herein consists the 
perfection of wheel- 
work, a perfectly uniform motion of the axis a is to be con- 
veyed by means of teeth to the axis b j and the motion of b, 
when tested with microscopic accuracy, is to be no less even 
and uniform than that of a- 

Since, then, it appears that the motions of a and b are 
exactly the same as those of two circles rolling upon each 
other, such imaginary circles may always be conceived to 
exist, and are called the pitch circles of the wheels in ques- 
tion. They are represented by 
the dotted lines in the annexed 
sketch. 

So much of the tooth i 
within the pitch circle is cslled / 
its root oT Jlank, and the portion 
beyond the pitch circle is called 
the point or addendum. 

The pitch of a tooth is the 
space a c upon the pitch circle 
cut off by the corresponding edges o 
(Fig 3.) 

Spur wheels are represented in Fig. 2, and sre those in 
which the teeth stand out radially along the circumference. 




f two consecutive teeth. 



ELEMENTS OP MECHANISM. 



In a face wheel the cogs or pins are placed perpendicu' 
larly to the plane of the wheel. (Fig. 4.) 

Fig. <• Fig. 6. 





A crown wheel is provided with teeth upon the edge of 
its rim (Fig. 5.) 

In annular wheels the teeth are cut upon the inside of an 
annulus or ring. 

A straight bar, provided with teeth, is called a rack, and a 
wheel with a small number of teeth is termed a pinion. 

The wheels a and b are suited to convey motion only 
between parallel axes ; it often happens, however, that the 
axes concerned in any movement are not parallel, and as a 
consequence they may, or may not, meet in a point In the 
latter case we proceed by successive steps and continually 
introduce intermediate intersecting axes, and thus we are led 
to the use of inclined wheels whose axes meet each other, 
and which are known as Bevil wheels, (Fig. 6.) It is a 

Fig. 6. Fig. 7. 





well known fact in Geometry that two right cones which 
have a common vertex will roll upon each other, and the 
same would be true of the frustra of two cones as c r p b, 
D Q p B, in Fig. 7. The rolling of the cones will allow us 
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Fig. 8. 



to consider any pair of circles in contact as the pitch circles 
of the cones, and teeth may be shaped upon the frustra, so 
as to produce the same even motion as that which exists in 
the case of spur wheels. 

Equal bevil wheels whose axes are at right angles are 
termed mitre wheels. 

It is sometimes convenient that the axes of the bevil 
wheels should pass close to each other without intersecting ; 
the teeth have then a peculiar form, and the wheels are 
known as skew bevils. 

If a horizontal line A p, Fig. 8, revolve uniformly in one 
direction, and at the same time be made to ascend or descend 
with a uniform velocity, 
it will trace out a screw 
surface APRB, The points 
of intersection of this 
generating line with any 
circular cylinder whose 
axis coincides with A b, 
will form a screw thread, 
p R, upon the surface of 
such cylinder. 

The screw thread used 
in machinery is a projecting rim of a certain definite form^ 
running round the cylinder and . obeying the same geome- 
trical law as the ideal thread just described. 

The pitch of a scretv is the space along A b, through 
which the generating line moves in completing one entire 
revolution, but in practice the pitch of a screw bolt is 
usually estimated by observing the number of ridges which 
occur in an inch of its length ; thus we speak of the screw 
of one-eighth of an inch pitch as being a screw with eight 
threads to the inch. 

Also A B is called the length of the screw surface a p b b> 
and the angle p b q is called the angle of the screw. In 
Fig. 8, A p is describing a right«handed screw during its 

*B 3 
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descent ; if it revolved in the opposite direction and de- 
scended it would describe a left-handed screw. 

A worm wheel is a wheel furnished with teeth set ob- 
liquely upon its rim, and so shaped as to be capable of engag- 
ing with the thread of a screw. The revolutions of the end' 

Fig. 9. less screw or worm, A b, (Fig. 

9.), will thus impart rota- 
tion to the wheel c, ,and the 
wheel will advance through 
the space of one tooth upon 
each revolution of the screw. 
If there be two threads 
upon the screw, the wheel 
will advance through the 
space of two teeth for each 
revolution of A b, and so on. 
Belts or bands are much used in machinery, in order to 
Fig. 10. communicate motion between two axes at a 
distance from each other. In this case the 
endless band is stretched over the circumfer- 
ences of discs or pulleys upon each axis, and the 
motion is the same as if the discs rolled directly 
upon each other. The form of each pulley is 
slightly convex, and the strap will then remain 
upon the discs. 

The reason of this curious fact will be ap- 
parent if we examine the case of a tight belt 
running upon a revolving conical pulley. The belt becomes 
bent into the form a b, shown in Figure 11., the portion b 

being somewhat nearer to the base 
of the cone than the portion a. 

The cone, during its revolution, 
exerts an effort to carry b onward 
in a circle parallel to its base, and 
the consequence is that the belt 
tends to remain upon the slant sur. 





DEFINITIONS. 7 

face of the cone, and to rise higher rather than to slip 
off. 

The fast and loose pullet/ is an adjunct of the driving 
belt. It consists of two pulleys, whereof one is keyed to 
the shaft to which motion is to be conveyed, and the other 
rides loose upon it. Motion occurs when the strap is shifted 
from the loose to the fastened pulley. The band can only 
be shifted by pressing laterally upon the advancing side. 

The advancing portion of a band must always lie in the 
plane of the pulley round which it is wrapped, but the 
retreating portion may be pulled on one side without causing 
the strap to leave the pulley. By observing this principle, 
a band may be employed to conmiunicate motion between 
two axes which are not parallel to each other. 

The term axis denotes the central line of a cylinder, and 
is a mathematical phrase : an engineer distinguishes a heavy 
cylindrical piece of metal as sheeting ^ or a shaft, and 
designates smaller cylindrical bars as spindles ; a wheel- 
wright speaks of the axle of a wheel, and a watchmaker 
calls the same thing an arbor. 

Of two moving pieces, that which transmits motion is 
termed the driver, and that which receives it is the 
follower. 

Gearing and Gear are the words used to indicate the 
combination of any number of parts in a machine which are 
employed for a common object. 

Toothed wheels are said to be in gear when they are 
capable of moving each other, and out of gear when they are 
shifted into a position where the teeth cease to act. 
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CHAPTER L 

ON THE CONVERSION OP CIRCULAR INTO RECIPROCATINO 

MOTION. 

Art 1. The most simple case of motion is that of a point 
describing a straight line with a uniform velocity. When- 
ever a point deviates from a rectilinear path, and describes 
a plane curve of any form, it must be the subject of two in- 
dependent movements in lines at right angles to each other. 
Thus, let a point, p, (Fig. 12.) describe a circle, a p b, 
with a uniform velocity, draw p Q JL*" to a diameter, a b ; 

then it is evident that a point describing 
the arc A p has been the subject of two 
rectilinear movements, one from a to Q, 
the other from Q to p. In other words, 
circular motion is of a compound charac- 
ter, and capable of resolution into its ele- 
ments ; if it be thus resolved, and if one 
equivalent be suppressed, so that the mo- 
tion of Q is substituted for that of p, we obtain the funda- 
mental case of the conversion of circular into reciprocating 
motion. 

2. Let CA = a, PCA = 6; (Fig. 12.) 

then AQ = AC — CQ = a — a cos 6 = a (1 — cos 0) ; 
which equation gives the analytical representation of mo- 
tion of this character. 

As the point p moves uniformly round the circumference, 
the point Q oscillates through the line A b, and its velocity 
is not uniform, but varies as the sine of 6. 

If the motion of Q were compared with that of a point, r, 
describing A b in the same time with a uniform velocity, it 
would be found that Q and r coincided in the points A, c, 
and B ; but that R was in advance of Q between a and c, and 
that Q preceded R from c to b. 
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3. The motion of Q may be derived from that of p by the 
following contrivance : — 

Let p (Fig. 13.) represent a small 
pin set in a circular plate which is 
moveable about c as a centre of mo- 
tion, and let the pin work in a groove, 
E F, whose direction is at right angles 
to that of the sliding bar,. Q b. 

Of the two equivalents which com- 
bine to produce the circular motion of 
p, that which occurs in the direction 
F E is rendered inoperative, and the 
whole of the other equivalent is imparted to the sliding bar. 

Fig. 14. 

4. The Crank and Connecting Rod. — 
Let c p be an arm or crank centred at c, 
(Fig. 14.) and connected with the point 
Q by a link or connecting rod, p q, and 
suppose, further, that the point Q is con- 
strained to move in the straight line, c £ d, 
we shall find that the revolution of c p will 
cause Q to reciprocate. 

Draw p N _L^ D, and let c p = a, 

p Q = ft, p C Q=6, P Q 0=0 ; 

then c Q = c N+N Q 

= a cos 0-\-b cos ; 



also 



a sin <!>,*. « • n 
— = -: — ^ .'. sm = - sm 6 

b sind ^ b 



cos 



0=y 1- 



a2_sin2_0 

ft2 



y. C Q = a cos + Vfta _ ^a sin^ 0; 

whence the position of Q is known at any 
period of the motion of c p. 
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Cor. 1. Let 6r=o/. cD = a + 6 

6=:7r.\ CE=— a + 6 
whence d e (i.e. the throio of the crank) = cd — CE = 2a. 
Cor. 2. Again dq = cd — CQ 

= a + ^ — a cos B — h coa 
= a (1 — cos 6) + ^ (1 — cos 0)-; 
or the motion of Q differs from that in the last example, by 
the addition of the movement represented by 6 (1 — cos 9) ; 
it is compounded of the resolved parts of two circular 
motions, the one being that due to the motion of p in a com- 
plete circle round c, and the other resulting from the motion 
of p through a part of a circle whose radius is p q. 

It follows that when d c p is a right angle, Q is not in the 
middle of its stroke, but that d q is greater than e q. 

Ex. Let c P = 1 1 inches 1 as in a locomotive engine 
p Q =s 5^ feet J by Stephenson. 

Let = 90 : then sin = ?_? = 11 = 1 

PQ 66 6 



yl , 35 1 , 

'-36=^36 = 6 ^'»^- 
Then d Q = a (I — cos 6) 4- ^ (1 — cos if) 

= 11 +66(1^1^/35) 

= 11 + 11 (6 — 5-9161) 

= 11 + -923 nearly, 
or Q is very nearly an inch in advance of the centre of its 
path when the crank has made a quarter of a revolution 
from the line d. 

This inequality in the motion of Q which is caused by the 
shortness of the connecting rod, produces a sensible effect 
in the working of direct-acting engines, and makes the mean 
pressure of the steam greater in the up-stroke, where the 
piston is gaining in its motion, than in the down-stroke, 
where the piston is lagging behind. 
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Cor. 3. If the crank could be prolonged until it became 
infinite, we should have = o, cos ^ = 1, and the travel 
of Q represented by the equation d q = a (1 — cos 0). 

A crank with a connecting rod of infinite length is an 
imaginary creation, but we can obtain the motion which 
would result from it in various ways, and we have indeed 
already met with it in Art. 3. 

5. The Eccentric Circle supplies a ready method of ob- 
taining a crank and link. 

Let p (Fig. 15.) be the centre of a circular plate which is 
moveable about c as a centre of motion. Q d, a bar capable 
of sliding in a vertical line through c. As the circle re- 
volves, F Q remains constant, and the motion is that of a 
crank, c p, with a link, p q. 

Fig. 15. Fig. 16. D Fig. 17. 




If the roller at Q be replaced by a bar q r at right angles 
to D c, (Fig. 16.) we have p q parallel to itself in all posi- 
tions, and recur again to the crank with an infinite link. 

If the roller at q be replaced by a portion of a circular 
hoop which embraces the plate (Fig. 17.) and a point q in 
the bar be constrained to move always in the line c d, we 
shall extend the link beyond the limits of the circular plate, 
and derive a cranky c p, with an arm, p q. 
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6. The crauk with an iufinite link appears under the 
guise of the swash plate. 

Here a circular plate, e p, (Fig. 18.) is set obliquely upon 
Fig. 18. an axis, a c, and by its rotation drives a 

sliding bar, p q, whose direction is parallel 
to A c. 

A small roller at Q relieves the friction 
between the end of the bar and the plate. 

In Fig. 19, E and F represent the highest 
and lowest points of the path of q, and the 
circle £ b d is the projection of this path 
upon a plane J.*" to the axis a c. Draw q m 
J.' to E F, Q R J.*" to the plane e r d, and r n 
J_' to E D; join m n and suppose the axis to 
rotate through an angle e a r = 6, and thus to carry q 
through the vertical space r q. 




Fig. 19. 




Then rq=mn=acx 



= A cr 



E N 
E A 



E A — A 



-)="('-fO 



Fig. 20. 



£ A 

Jd = A C (1 — cos 6) ; 

or the motion is that of a crank a g 
with an infinite link. 
7. The crank and connecting rod is a most valuable con- 
trivance, but it labours under the disadvantage of entailing 

a division of the shaft when- 
ever it is required to place the 
crank anywhere except at one 
end. We may see this from the 
drawing in Fig. 20. 

Where a crank of small throw 
is wanted, as for example in the 
mechanism for actuating the 
steam slide valves of an engine, 
the crank may be replaced by 
an eccentric. 
Here a circular plate is encircled by a hoop to which a bar 
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is attached : this bar points always to p, the centre of the 
plate, and its extremity drives a pin q, which is constrained 
to move in the line c Q. (Fig. 21.) 

The plate is moveable about a centre of motion at c, and 
we have already explained that Fig. 21. 

p Q remains constant during each 
revolution of the plate, or that 
the resulting motion impressed 
upon Q is that due to a crank, 
C P, and a link, P Q. 

We should remark that p, the 
centre of the plate in question, 
may be brought as near as we 
please to c, the centre of the 
shaft, and that the throw of the 
crank may be reduced accord* 
ingly ; but that we are limited 
in the other direction, for the 
shaft must be kept within the 
boundary of the plate, and the 
plate itself must not be incon- 
veniently large, — considerations 
which are sufficient to prevent 
our increasing c p in any great 
degree. 

The eccentric circle may also 
be regarded as a simple form of 
cam (see Art. 15.), but we have examined it here on ac- 
count of its being identical in principle with the crank and 
connecting rod. 

The object of the complete hoop is to drive Q in alternate 
directions. In some cases q is brought back by a spring, 
and then only half the hoop is required ; an instance occurs 
in modern forging machines, where the motion is very small 
and rapid. 

8. An intermittent motion may be obtained by placing a 
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Fig. 22. 




loop at the end of the eccentric bar. If such a loop be 
provided it can be seen that the pin q mentioned in Art. 7. 
can only move when one end of the loop takes it up. J£ the 
loop be made long enough and be placed in the right po- 
sition the pin will not 
move at all, and we 
deduce the ordinary 
method of disengaging 
an eccentric which 
is indicated in Fig. 
22, where the pin is 
pushed out of the 
opening in the bar and remains at rest. 

9. An intermittent motion may be obtained in a much 
Fig. 23. better manner by a movement adapted 

^ ^ ^ for working the valves of a steam- 

engine. 

We observe that if any portion of 
the plate in Art. 5. be shaped in the 
form of a circle round c, such portion 
will have no power of moving the slid- 
ing bar. 

Let the pin p assume the form of a 
circular equilateral triangle, cab, 
centered at c (Fig. 23.), and be em- 
braced by a rectangular frame attached 
to a sliding rod. 

Divide the circle described by b into 
six equal parts at the points numbered 1, 2, 3,^ 4, 5, 6. 
(Fig. 24.) 

As B moves from 1 to 2, the frame remains at rest; from 
2 to 3 the arc c b drives the frame, and the motion is that 
of a crank c b with an infinite link ; from 3 to 4 the arc b a 
drives, and the motion is that of a crank c A with an infinite 
link ; i. e. the motion from 3 to 4 is the same as that from 2 
to 3, except that it is decreasing instead of increasing. 
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From 4 to 5 there is rest, then an increase of mo- 
tion from 5 to 6« and finally a decrease to zero as b 



Fig. 24. 







passes through the arc 6 — 1 and completes an entire re- 
volution. 

10. We have hitherto confined our attention to one sim- 
ple example in the geometry of motion : we shall now extend 
our view of the subject, and shall consider the driver to 
possess circular motion whenever it rotates continuously 
upon a fixed centre or axis ; and in order to generalise still 
further, we shall suppose the reciprocating motion to be 
either rectilinear or circular ; we shall in this manner be 
enabled to bring under one point of view a great variety of 
useful mechanical contrivances. 

11. Circular may be converted into reciprocating motion 
by the aid of escapements. 

An escapement consists of a wheel fitted with teeth which 
are made to act upon two distinct pieces or pallets qM»&\^^ 
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Fig. 25. 




to a reciprocating frame, and it is arranged that when one 
tooth escapes, or ceases to drive, the other shall commence 
its action. One of the most ancient forms is the following. 
A sliding frame, a b, (Fig. 25.) is furnished with two pro- 
jecting pieces at c and d, and within it is centred a wheel 
possessing three teeth, p, q, and b, which tends always to 
turn in the direction indicated by the arrow. 

The upper tooth, 
p, is represented as 
pressing upon the pro- 
jection D, and driv- 
ing the frame to the 
right hand : when the 
tooth p escapes, the action of q commences upon the other 
side of the frame, and the projection c is driven to the left 
hand. Thus the rotation of the wheel causes a recipro- 
cating movement in the sliding piece, a b. 

It is clear that the wheel must have 1, 3, 5, or some odd 
number of teeth upon its circumference. 

12. The crown wheel escapement was invented for the 
earliest clock of which we possess any record. 

The form of the wheel is that of 
a circular band, with large saw- 
shaped teeth cut upon one edg:e; 
the vibrating axis, a b, (Fig. 26.), 
carries two flat pieces of steel, a, b, 
called pallets, which project from 
the axis in directions at right an- 
gles to each other, and engage alter- 
nately with teeth upon the opposite 
sides of the wheel. Suppose the 
wheel to turn in the direction to- 
wards which the teeth incline, and 
let one of its teeth encounter the 
pallet b and push it out of the way ; 
as soon as b escapes a tooth on the opposite side meets the 



Fig. 20. 
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pallet a and tends to bring the axis a b back again : thus 
a reciprocating action is set up, which will be very rapid 
unless A B is provided with a heavy arm, c d, at right 
angles to itself. Such an arm possesses inertia, so that 
its motion cannot be suddenly checked and reversed, and 
a recoil action is set up which materially subtracts from 
the utility of this contrivance. For it will be seen that 
the vibration of c d cannot be made to cease suddenly, 
and that the wheel must of necessity give way and recoil 
at the first instant of each engagement between a tooth 
and its corresponding pallet. 

The more heavily c d is loaded at a distance from the 
axis the more slowly will the escapement work, and the 
greater will be the amount of the recoil. 

Here we have an invention which has done good service 
to mankind. It was used in the first clock that was ever 
made : then it became an essential part of all watches, and 
now finally it is everywhere found in the kitchen jack for 
roasting meat. 

The principle of this escapement is precisely the same as 
that of the preceding one ; the number of teeth in the wheel 
must therefore be odd, or otherwise the axis a b must be 
set upon one side of the centre of the crown wheel. 

13. The Anchor Escapement was invented by Dr. Hooke, 
and is almost universally adopted in the mechanism of 

pendulum clocks. 

A wheel centred at e is provided 
with a number of teeth, and tends 
always to turn in the direction in- 
dicated by the arrow. (Fig. 27.) 
A portion of this wheel is em- 
^ braced by an anchor, a c b, centred 
at c, the extreme ends of which- are 
formed into pallets, a m and b 72 : 
these pallets may be flat or slightly 
convex, but they are subject to the 



Fig. 27. 
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condition that the J.*' to a m shall pass below b, and 
the _L' to B n shall pass between c and e. The point of 
a tooth is represented as escaping from the pallet b n after 
driving the anchor to the left hand ; as soon as this tooth 
has escaped, another meets a nt, and drives the anchor to the 
right hand, and thus the wheel can only proceed by causing 
a vibratory motion in the anchor, a c b. 

The rapidity of this vibration may be very great, or it 
may be reduced by connecting the anchor with a much 
heavier body, such as the pendulum of a clock. 

There is the same recoil experienced upon each Bwing 
of the pendulum as that which we noticed in the last article, 
and the contrivance is generally known as the ''Recoil 
Escapement." 

The exact character of the action which takes place be- 
tween the pendulum of a clock and the scape wheel has been 
the subject of a long and interesting mathematical investi- 
gation : it is foreign to our purpose to discuss it here, but 
we may state generally the nature of the problem. 

The going part of a clock consists of a train of wheels 
tending to move under the action of a weight or spring : if 
the last wheel of the train were left to itself, it would spin 
round with great velocity, and we should fail in obtaining 
any measure of time. 

The escapement is one part of a contrivance for regulating 
the velocity of the train of wheels, but the escapement alone 
is not sufficient ; we require further a vibrating body pos- 
sessing inertia, the motion of which cannot be suddenly 
stopped or reversed. 

Such a body is found in the pendulum, and a very in- 
tricate mutual action exists between the pendulum and the 
scape wheel. The function of the pendulum is to regulate 
and determine the periods and amount of onward motion in 
the scape wheel, whereas the office of the wheel is to impart 
such an impulse to the pendulum at each period of this on- 
ward movement as may serve to maintain its swing unim- 
paired, and may cause it to move with the same mathematical 
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precision whicli would cbaracteriee tbe ribrationa of a bodj 
swinging in vacuo, and uninfluenced b; any disturbing caasee. 
14. The teeth in the wheel are sometimes replaced by 
pins, in which case the form of ibe anchor may be so altered 
that the action shall take place upon one side of the wheel. 
(Fig. 28.) 




The recoil escapement may be used to obtain a rapid 
vibratory action, such as that of the hammer upon the bell 
of an alarum clock. 

In a printing telegraph instrument it has been em- 
ployed to control the rapidity of motion in a train of 
wheels, and the number of vibrations of the anchor are 
appreciated by listening to the musical note which it im- 
parts to a vibrating spring. 

The anchor A c b (Fig. 29.) is centred at C, and vibrates 
rapidly as the scape wheel e revolves j a strip of metal f 
carries on the oscillation to a steel spring which gives the 
note, and the velocity of the train can be regulated by an 
adjustable weight attached to the spring, 

16. Circular may be converted into reciprocating motioa 
by the aid of cams. 

The term "cam" is applied to a curved plate or groove 
which communicates motion to another piece by the action 
of its curved edge. 

The circular motion being uniform, the reciQr<K».ivci% 
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piece may also move uniformly as a sliding bar^ or its 
yelocity may be varied at pleasure. 

I. Let the direction of the sliding bar pass through the 
pentre of motion of the cam plate ; take c as this centre, 

B p the sliding bar, and a the com- 
mencement of the curve of the cam 
plate. (Fig. 30.) 

The curve A p may be set out as 
follows : — 

With centre c and radius c A de- 
scribe a circle, and let b p produced 
meet its circumference in b. 

Divide a b into a number of equal 
arcs A a^ a bf b c, &c. 

Join c Of c b, ccy &c. and produce 
them to p, q, r, &c. making a p^ b q, 
c r, &c. equal to the desired move- 
ments of B p in the corresponding 
positions of the cam plate : the curve 
Ap q r...p will be the curve required. 

It may be represented analytically 
without any difficulty. 
Thus let c A = a, c p = r, p c A = 0, and let b p move so 
that p B = m . A B 

r — a = w.AB = i»«0 







which is the equation to the spiral of Archimedes. 

16. The heart wheel (Fig. 31.) has been very much used in 
Fig. 31. machinery, and is formed by the union of 

two cams of the character just examined. 
Its peculiar form allows the plate c 
to perform complete revolutions, and 
to cause thereby a reciprocating move- 
ment in the sliding bar. 

A cam of this kind will only drive 
in one direction; the follower must 
therefore be brought back by the ac- 
tion of a weight or ^ring. 
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17. n. Let the direction of b p (Fig. 32.) pass upon one 
side of c : draw c r J,'^ to b p produced, describe a circle of 
radius c B, and suppose the motion to begin when a coin- 
cides with B; as before, divide ab into the equal intervals 
K ay a hy h c^ &c., but now draw apy hq^ cr, &c., tangents 
to the circle, and equal in length to the desired movements 
of B p during the corresponding periods of motion of the 
cam plate. 

The curve A p q r ,., r will be that required. 

Fig. 32. Fig. 33. 

[B 





Its equation may be found as follows : — 

Let cp = r, CA = a (Fig. 33.) 

ACP = 0, PCB = ^. 

Suppose the linear velocity of a to be »i times that of p, 
or that A E = »» , B p, 

then a (0 + ^) = w a tan ^ 



But cos = — /. tan ^ 

r 



Cor. 



Vr2 
^- 

-I a /r^ , 

.\ + cos — = W A / -— - 1 

r V a** 

Let »» = 1, or AB = B p, 

... e + cos- J = V^ 



the equation to the involute of a. circle. See Art. 79. 

* 3 
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It is evident that the curve A p would now be traced out 
by the end of a string unwound from the circle. 

18. Hitherto we have considered the cam to be a plane 
curve or groove ; but there is no such restriction as to its 
form in practice. Let us examine the following very simple 
case, as well as the extension of which it admits. 

In Fig. 34, c D is a 
^- ^' rectangle with a slit cut 

through it obliquely; a 
pin p, fixed to the sliding 
bar A B, works in the slit. 
If the rectangle c d be 
moved in any other di- 
rection than that of the 
slit B s, it will also im- 
part motion to the pin p. 
1. Let c D be moved at right angles to a b; draw b n J,*^ 
to A B, and let A p R = 0. (Fig. 35.) 

Fig. 85. 



jj'jjgj^ velocity of plane __ r n 
velocity of bar "" n p 

= tan 0. 





2. Let c D move in a direction inclined at an Z to R s; 
draw R N in this direction. (Fig, 36.) 

Fig. 36. 

ji velocity of plane __ r n 
velocity of bar "" n p 

sin 0. 

sin^ 




19. Now let c D be wrapped round a cylinder; it will 




CAHS. 23 

form a screw thread (Fig, 37.)> and the revolution of the 
cylinder upon its axis will be equivalent to a motion of 
the rectangle at Fig. sr. 

right angles to J" 
the bar, in the 
manner shown c 
in the preced- 
ing article ; we shall, therefore, have by the arrangement 
in the figure a continuous uniform rectilinear motion of 
the bar a b during the revolution in the cylinder upon 
which the screw thread is traced. 

If the pitch of the screw be constant, the motion of p b 
will be uniform, and any change of velocity may be in- 
troduced by a proper variation in the direction of the screw 
thread. 

If the screw be changed into a circular ring, a b will 
not move at all. 

20. The annexed is a very common form of cam where 
a small rapid motion of a lever is required ; c being a centre 
of motion, the lever a c b Fig. 38. 
will move as soon as the , I ^ 

stud reaches that portion q — (O ) 

of the ring which departs b c 

from the circular form. 

21. It is then a matter 
of indifference whether the cam be a groove traced upon 
a flat plate or a spiral helix running round a cylinder. 
In the first case motion ensues when the groove departs 
from the circular form, and the distance from the centre 
varies ; in the second case motion ensues the moment the 
groove begins to deviate from the form of a ring whose 
plane is X' to the axis. 

22. We subjoin an example, devised some twenty years 
ago, in which a reciprocating movement is imparted to a 
frisket frame in printing machinery, and it will be presently 

G 4 
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Been that the required result can be obtiuaed in a much 
more simple manner. 

The use of a cam plate allows of an interval of rest at 
each end of the motion, and enables the printer to obtain an 
impression, and to place a fresh sheet of paper upon the 
form. 

F is the reciprocating frame attached to the combination 
of levers o f e d c b by the link A b. (Fig. 39.) 




At the end of the lever, f g, is a sliding pin which travels 
along the grooves in the flat plate centred at o, and deter- 
mines the angular motion of the levers of the vertical dotted 
line through o. 

Where the groove is circular, which occurs in those por- 
tions which are to the left hand of the vertical dotted line, 
the levers remain at rest, and they change into the position 
shown by the dotted lines when the sliding pin passes from 
the outer to the inner channel. The pin is elongated in 
form, as ehown at a', and is thus capable of passing across 
the intersections of the groove. 

23. Precisely the same character of movement may bo 
obtained by the aid of a helical groove traced upon a re- 
volving drum ; the intervals of rest occur when the groove 
assumes the form of a flat ring, whose plane is perpen- 
dicular to the axis of the drum. 
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A right- and left>handed screw thread ia traced upon the 
worm barrel, A b, (Fig. 40.), which revolves in one uniform 
direction; a pin at- nun. 

tached to the table / \vv />' ■ . . -s;-. r 

of a printing ma- ^ / \ ^// '■.;,_ // \\// 
chine foUowa the C^ 
path of the groove \ *■/ , 
upon the barrel, and 
ita form ia elongated ao as to enable it to pasa in the right 
direction at the points where the grooves inter«;ct. 

The interval of rest commences with the entry of the pin 
into the flat ring at either end of the barrel, and may be 
made to occupy the whole or any part of a revolution of a b, 
according aa the groovea enter and leave the ring at the 
same or different points. 

This construction dispenses with the complicated system 
of lovera, which constitutes such a serious defect in the 
other arrangement. 

24. Mr. Kapier has patented an invention which causes 
the interval of "rest" to endure beyond the period of one 
revolution of the barreL (Fig. 41.) 

At the entrance to the circular portion of the groove a 
moveable switch is placed, and it is provided that the 
switch shall be capable of twisting a little in either 



support, and also that the 



direction upon ita point i 
pin upon which 
the switch rests ) 
ahall admit i 
small longitudinal I 
movement parallel i 
to the axis of the ( 
barrel, the pin it- 
self being urged 
constantly to the 
right hand by the 
action of a spring. 
In Fig. 1. the shuttle is seen entovm% tUe wttMSwe -yw- 
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tion of the groove, and twisting the switch into a posi- 
tion which will allow the shuttle to meet it again, as in 
Fig. 2., and to make a second journey round the circular 
ring. 

The spring which presses the point of support of the switch 
to the right hand will now cause it to twist by means of the 
reaction which the passing pin affords, and the consequence 
will be that the switch will be left in the position shown 
in Fig. 3., and will guide the shuttle into the helical 
portion of the groove. Thus the period of rest will be 
that due to about one and two-thirds of a revolution of 
the barrel. 

25. Cams are employed when it is required to effect a 
movement with extreme precision. Thus in the " Times ** 




printing machine the sheet of paper starts upon its journey 
to meet the type at a particular instant of time; an error 
of one-twelfth of a second would cause tlie impression to 
deviate nearly a foot from its correct position, and would 
throw two columns of letter-press off the sheet of paper. 
The accuracy with which the sheet is delivered is there- 
fore very remarkable, and is ensured by the assistance of the 
cam represented in Figure 42. 

As the plate, c, revolves, the lever, a b, drops into the 
hollow of the plate, and determines the fall of the roller, 
which starts the paper upon its course to the printing 
cylinder. 
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Fig. 43. 




26. Cams are admirably adapted to the prodaction of a 
short rapid motion, with intervals of rest. 

In the expansive working of a 
steam-engine there are two posi- 
tions of rest for the valve which 
regulates the admission of steam 
into the slide case, and it is de- 
sirable to move the valve as rapidly 
as possible from one position to the 
other. 

Hence the form of an expansion 
caniy as indicated in Figure 43. 

27. Where the cam plate is required to effect more than one 
double oscillation of the sliding Fig. 44. 

bar during each revolution, its 
edge must be formed into a cor^ 
responding number of waves. 

There is an example in tele- 
graph commutators (Fig. 44.), 
the interruptions of the current 
being caused by the vibrations 
of a lever, p c Q, centred at c, 
and whose angular position is 
determined by the pin at one 
end of it. 

As the wheel revolves it can- 
impress any given number of double oscillations upon tbe 
lever. 

28. In the striking part of a large 
clock the hammer may be raised by 
a cam, and be then suffered to fall 
abruptly. 

The figure represents the cam de- 
vised for the Westminster clock: the 
hammer rises and falls with the lever, 
A c (Fig. 45.), and the cam is so 
formed that its action commences ^t 




Fig. 45. 
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the extremity of the lever, and never departs Bensibly from 
the same point ; the cam, a &, ia a circle whose centre is at 
the point of intersection of the tangents to the rim of the 
wheel at the points a and c. 

29. We remark, in conclusion, that when the mechanic 
causes the moving body to be influenced by a pin which 
exactly £t« the groove along which it travels, there is no 
question but that the moving body will take ^e exact posi- 
tion determined by the pin; on the other hand, where the 
cam is merely a curved plate pushing a body before it, 
there is no certainty that this body will return unless 
it be brought back by a weight or spring. Hence it arises 
that double cams have sometimes been employed, in machi- 
nery, and we take the annexed example from an early form 
of power-loom. 

A B is the treadle (Fig. 46.), s and f are the cam 
wheels or tappets, which revolve in such relative positions 

Fig. M. 




that the projections and hollows are exactly opposite to 
each other. 
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The treadle, A b, is alternately elevated and depressed, 
and the threads of the warp are opened to permit the throw 
of the shuttle. 

30. Mangle wheels form a separate class of contriv- 
ances for the conversion of circular into reciprocating 
motion. 

A mangle wheel is usually a flat plate or disc furnished 
with pins projecting from its face; these pins do not fill up an 
entire circle upon the p, ^^ 

wheel, but an interval 
is left, as shown at f e. 
(Fig. 47.) 

A pinion, p, engages 
with the pins, and is 
supported in such a 
manner as to allow of 
its shifting from the 
inside to the outside, or 
conversely, by run- 
ning round the pins at 
F and e. 

The pinion, p, al- 
ways turns in the same direction, and the direction of 
rotation of the mangle wheel is the same as that of p when 
the pinion is inside the circular arc, and in the opposite 
direction when the pinion passes to the outside. 

By referring to the chapter upon the teeth of wheels, we 
may see that the inner and outer pitch circles coincide in the 
case of a pin wheel, and therefore that the rotation of the 
mangle wheel is precisely the same in both directions. 

31. If the pins be replaced by a curved ring furnished 
with teeth, the mangle wheel will move more rapidly when 
the pinion is upon the inside circumference, (Fig. 48.), 
and by giving certain arbitrary forms to this annulus, 
the velocities of advance and return may be modified at 
pleasure. 
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32, The mangle nbeel may be converted into a mangle 
rack by placing the pins or teeth in b straight line. 
(Fig. 49.) 




Here the pinion must be so suspended og to allow of 
its shifting &om the upper to the under side of the rack. 

33. Sometimes the pinion is fixed, aad the rack shifts 
laterally. 

An excellent form of this arrangement was introduced by 
Mr. Cowper, and serves to give a reciprocating movement to 
the table in hia printing machine. 

Tbe rack, h p, (Fig. 50.) is a.ttached to the system of 
bars in the manner exhibited in the diagram, a and c are 
centres of motion, and are the points where the bars are 
attached to the table. A a and c E are bisected in b 
and », and are joined by the rod, b d ; the rack, h t, ia 
attached to the bars, a o and C e, by the connecting links, 
Q H and ? B. 

The precise value of tbe contrivance will be understood 
upon referring to the section upon Parallel Motion, and it 
will be seen that when the pinion has pushed the rack to 
either end of its path, the bars will move together, and will 
sbifi H F in a direction parallel to its length, and will 
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thereby cause it to change from one side to the other of 
the pinion. 

Fig. 60. 




By reason of the great weight of the table, and the 
rapidity with which it moves, it would be quite unsafe to 
leave the rack and pinion in the present unassisted condi- 
tion : a guide roller determines the position of the pinion 
relatively to the rack, while the rack itself shifts laterally 
between guides. 

But as, theoretically, the rods would cause h f to move 
always in a direction parallel to itself; so, practically, they 
enforce the desired movement in the path of the guides with 
as little loss of power as possible. 

34. If it be required that the reciprocation shall be 
intermittent, i. e. that there shall be intervals of rest, 
we may employ a segmental wheel and a double rack. 
(Fig. 51.) Fig. 61. 

The teeth upon the 
pinion engage alter- ^ 
nately with those upon 
either side of the sliding 
frame, a b, and the mo- 
tion is of the character 
required. The intervals 
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of rest are equal, and are separated by equal periods of 
time. 

A pin upon the wheel and a guide upon the rack will 
ensure the due engagement of the teeth. 

36. A mechanical equivalent to the above is found in the use 
of two segmental wheels and a single rack. (Fig. 52.) The 

^•8- 52. segments must be equal, 

but they may be placed 
in different relative posi- 
tions ; and, as a conse- 
quence, the intervals of 
rest may be separated by 
unequal periods of time. 

36. Combinations of toothed wheels, or something equiva- 
lent thereto, may be used in the conversion which we are 
considering. Let a, b, c (Fig. 53.) be three wheels in gear ; 
then A and b turn in opposite directions, but A and c turn 
in the same directions. 

Fig. 53. 





If, however, the wheels a and c (Fig. 54.) be bevelled 
wheels, and be arranged with reference to b, as in the 
figure annexed, they will no longer turn in the same, but 
^^8* ^- in opposite directions. 

There are many contrivances 
founded upon these simple pro- 
i positions in the geometry of 
motion, of which we select the 
most prominent examples; pre- 
mising at the same time one or 
two general observations. 
37, In the transfer of force by machinery the moving 
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power is carried from one piece of shafting to another, 
throughout the whole length and breadth of the factory, it 
passes from point to point, enters each separate machine, 
and gives movement to all the parts which are prepared for 
its reception. 

Now it must be remembered that the engine is never 
reversed, and that the power flows on in one uniform direc* 
tion. 

Take the case of a machine for planing iron : here the 
principal movement is that of a heavy table sliding forwards 
and backwards, and carrying the piece of metal which is the 
subject of the operation. 

There are two methods of obtaining the desired result : 
the power may be poured, as it were, into the machine by a 
stream running always in one direction, and the reciproca* 
tion may be provided for by the construction of the internal 
parts, or the flow of the stream may be reversed by some 
intermediate arrangement external to the machine itself. 

38. The former method is that usually adopted, and we 
shall flrst examine those machines where the reciprocation 
depends upon the internal construction of the moving parts. 

The power is derived from the shafting by means of a 
band passing over a drum on the main shaft and over one 
of the three pulleys, b, i, f, at the entrance into the 
machine. (Fig. 55.) 

In the annexed flgure, which shows the principle of the 
movement adopted by Collier in his Planing Machines, and 
Bubsequently much used by other makers, the pulley e is 
keyed to a shaft terminating in the wheel a' ; i is an idle 
pulley riding loose upon the same shaft ; f is a pulley flxed 
to a pipe, through which the shaft connecting e and ^^ 
passes, and which terminates in the wheel A. 

B'' c is a second shaft which carries the toothed wheels, 
b' and c. 

B is an intermediate wheel riding upon a separate stud. 

When the band drives the pulley e, we observe that a' and 
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b' turn in opposite directions; whereas the motion is reversed 
when the band is shifted to f, for in that case a and c turn 

Fig. 55. 




in the same direction. When the driving band is placed 
upon I the machine remains at rest. 

The rotation of b' c maj be made much more rapid in one 
direction than in the other, and the construction is therefore 
very valuable in machinery for cutting metals. 

The slow movement occurs while the cutting tool is 
removing a strip of metal, and the return brings the table 
rapidly back into the position suitable for a new cut. 

89. This movement, slightly modified, is adopted in Col- 
lier's planing machine, and in those of other makers. 

We give so much of the machine as will explain the 
method of reversing the motion of the table. (Fig. 56,) When 
the strap is upon the pulley f, the wheel a turns in one direc- 
tion. When the strap is upon the pulley b, the motion 
passes to b, which turns with e, and thus the axis, c d, is 
made to revolve in the opposite direction with a reduced 
velocity. The wheels a and d both engage with another 
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wheel not Bhown in the drawing, which actuates the table, 
and the reversal takes place according aa the moving power 
resideB ,in a. or D. 




40. Mr. Whitworth's reversing motion la the following, 
(Fig. 57.)- 

Afl before, there are three pulleya, e, i, and f, whereof i 
is an idle pulley, and rides loose upon the shaft; s is keyed 
to the shafts which terminates in the bevil wheel c, and r 
aits upon a pipe through which the shaft connecting e and c 
pasaea, and which terminates in the bevil wheel a. 

B IB a bevil wheel at the end of the screwed shaft, which 
gives a reciprocating movement to the table. 

Ftj.W. 
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Fig. 68. 




It is clear that the motion of the wheel b is reversed when 
the driving strap is shifted from e to f. 

This is an example of the second case in Art 36. and 
differs from that last considered in not permitting the motion 
of B to be more rapid in one direction than in the other. 

41. In some screwing machines a rapid action of. reversal 
is obtained without shifting the driving strap. 

Here there is only one working pulley, r, and c is the 
wheel whose, motion is to be reversed. (Fig. 58.) 

The driving pulley is 

shown upon the line 

E D ; it may, however, be 

placed upon the axis of 

the wheel b, in which 

case the reversal will be 

found in the shaft e d, 

instead of in c. 

Both the wheels A and c ride loose upon the shaft, and 

derive their motion alternately froin b d by means of a 

shifting clutch, N. 

When K fixes c to the shaft, the motion of c is the same 
as that of f ; but when K fixes ▲ to the shaft, the motion of 
c is in the opposite direction to that of f, and thus a reversal 
of the wheel c is effected. 

42. In spinning machinery a reversing motion is com- 
monly obtained as follows : — 

(Fig. 59.) B is connected with the driving shaft, and the 
bevil wheels, a and c, are keyed to the shaft whose motion is 

reversed ; the interval between 
A and c is enlarged so that b 
can only be in gear with one 
of these wheels at the same time, 
and the shaft, a c, is shifted 
longitudinally to allow b to 
engage with a and c alternately. 
This is again an example of 
the second case in Art. 36. 



Fig. 69. 
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Fig. 60. 





43. Mr. Whitworth has proposed the subjoined arnmge- 
ment for the reversal in a machine for cutting screws : we 
take it as an example of the use of 
segmental wheels, which, however, 
should always be avoided if pos- 
sible. There is only one driving 
pulley, and two segmental wheels 
are keyed upon the driving shaft 
They are close together in the 
machine, and for the sake of the ex- 
planation we have placed one above 
the other. The object is to effect 
the reversal of a shaft c : the seg- 
mental wheels ▲ and a! have teeth 
formed round one half of each cir- 
cumference, and the toothed seg- 
ments are in situations opposite to 
each other, as in Figure 60. 

When the action of A ceases that of Af begins, and we 
have the wheels a and c, or the wheels a', b, and c alter- 
nately in action, t. e., we have a reciprocation of c. This is 
a direct example of the first case in Art. 36. 
44. Where the reciprocation is effected by a contrivance 

external to the machine it- Fig. ei. 

self, two driving bands may 

be employed: of these one 

is crossed, and the other is 

open, as shown in Fig. 61*, 

and it is apparent that the 

lower discs b and d will 

turn in opposite directions, 

although they derive their 

motion from a and c, which 

rotate always in the same 

direction. 
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45. The form which the arrtuigement assumes in practice 

Fig. ei. is shown in Fig. 62., where one of 

the driving bands ia represented 
as crossed, and the rotation of the 
shaft, H K, is derived from each band 
^^^ ^ ~ alternately. 

I ^^H H There are four pulleys, whereof i 

^^^ ^ and i' are loose upon the shaft, and 
are twice as broad as b and d, wlucb 
are working pulleys. 

The bands are shifted by two 
forks, and remain always at the 
same distance from each other. In 
the figure tlie bands are both upon 
the idle pulleys, and h k remains 
at rest. When the hands are 
shifted to the right, the open strap 
drives b, and the crossed one re- 
mains upon i' : when the bands arc 
shifted to the left, the crossed strap 
drives D, and the open one passes 
to L Thus the shifting of the 
band effects the i-equircd reversal 
of the shaft a e. 

The motion in either direction is 
the same, but it may be varied by 
placing drums of unequal size upon 

I n r> ]- the upper shaft 

46, There is yet one most ancient contrivance for chang- 
ing circular into reciprocating motion, which will repay the 

Fig. SI. trouble of analys- 

ing it. In the form 
exhibited in. Art 48. 
it was used by the 
early Greek astro- 
nomers to represent 
meebttnicallj the motion of the Moon. 
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Let the arm, c p, (Fig. 63.) be centred at c, and convey 
motion to the grooved arm, b b, bj means of a pin, p, which 
fits into the groove. 

If p be less than c b the uniform circular motion of o p 
will cause a variable reciprocating motion in b b. 

Let c (Fig. 64.) be the centre of the circle described bj p, 
pj» a small arc, and p « a JL*" upon Bp. 

Let pcb = 0, PBC = 0, cp = a, CB = c. 



Then 



tan0= asms 

c — a cos d 



Fig. 64. 




which gives the position of b p corresponding to that of the 
driving arm. 

Z. '' vel. of B p _ p n 

"" p B 



Again 
But 



Z.'vel. of OP 



pp __ p n OP 
OP P B v p 



• • 



T n = i? p cos p 1? n 
= T p cos rf p 
= p j» cos (6 + 0) 
Z. r vel. of B p __ p cos (6 -f <t>) 
Z.'vel.of CP P B 



If we draw b d, b h, tangents to the circle described 



by p, it will be evident 
that the times of oscilla- 
tion of the arm will be 
unequal, and will be in 
the same proportion as 
the lengths of the arcs 
D L H, D K H. (Fig. 65-) 
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47. This contrivance has been used to give motion to the 
table in a shaping machine, and effects a quick return. 

Fig. 66. 





The diagram (Fig. 66.) will indicate the nature of that 
part of the machinery which imparts motion to the table. 

48. If c p be greater than c b, there will be no reciproca- 
tion, but the uniform circular motion of c p will give rise to 

fig. 67. 




a variable circular motion in b b, and thus indirectly we may 

effect a reciprocating movement with a quick return. (Fig. 67.) 

As before, let c be the centre of the circle described by p. 

cp =a, CB = c! 

PCB = 0, PBD = 

, ^ a sin d 

tan = 



Then 



a cos 6 — c 



And ^''vel.ofsp _ p^ _^ P^ 
Z.'vel. ofcp PB ' CP 



__ P p cos C jP B 
"" P B 

_ C P COS C P B 
"" P B 



C P 
T p 
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If c B, and .• . the angle c p b, be small we have cos c p b 

nearly = 1, and L ^ vel. of b p a — nearly. 

p B 

The angular vel. of b p will be equal to that of c p when 
c P . cos c p b = b p, or when c b p is a right angle. 

In the circle described by p draw d h J."^ c b, then the 
times of a half revolution of b p will be in the proportion of 
the arcs d k h and d l h. (Fig. 68.) Fig. 68. 

If B p be made to carry a link, b q, 
as in the case of the crank and con- 
necting rod, the linear motion of q 
will be the same in amount as if b b j 
revolved uniformly, but the periods 
of each reciprocation will in general 
be different. 

The difference in the times of oscillation will depend upon 
the direction of the line in which q moves. 

The best position for that line is in a direction J,"" to 
B : a little consideration will show that the times of oscil- 
lation are always as the arcs d k h and d l h, and that the 
inequality between these arcs is greatest when d h is J.*" 
to c B, and diminishes to zero when d h passes through c b. 

49. We have now an arrangement very suitable for 
effecting a quick return of the cutter in a shaping ma- 
chine. (Fig. 69.) 

Fig. 69. 





Let one end of .a connecting rod be made to oscillate in 
a line ±' c b, or nearly so, and let t\x^ ctWiV'&^Xi^ ^xv?^^ss. 
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by an arm, c p, which revolves uniformly in the direction 
of the arrow, we at once perceive that q will advance slowly 
and return quickly, the periods of advance and return being 
as the arcs d l h and d k h. 

60. Such a direct construction is not very convenient for 
the transmission of force, and it has been so modified by 
Mr. Whitworth in his Shaping Machine, that the principle 
remains unchanged, while the details of the moving parts 
have undergone some transformation. 

The object of the machine is analogous to that recently 
explained : a cutter is advanced slowly forward while doing 

Fig. 70. its work, and returns ra- 

pidly when the cut has 
been accomplished. 

The arm, cp, (Fig. 
70.) is obtained indirect- 
ly by fixing a pin,, p, 
upon the face of a plate, 
F, which rides loose upon 
a shaft, c, and is driven 
by a pinion, e. 

As the wheel F re- 
volves upon its axis, the pin moves round c, and remains 
at a constant distance from its centre. 

A hole, B, is bored in the shaft, c, (Fig. 7l.)> »«<! serves 
as a centre of motion for a crank piece, d r : the connecting 

Fig. 71. 
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Fig. 72. 




rod, B Q, is attached to one side of this crank piece, and 
the pin, p, works in a groove upon the other side. Thus 
Q oscillates and returns more rapidly than it advances ; 
the length of path of Q depends upon the distance of b 
from B. 

61. It remains for us to consider some circumstances of 
motion which result from a modifi- 
cation of the crank and connecting 
rod. 

The point q, in Art. 4., may be 
made to oscillate in a circular arc 
by fixing it to the end of a lever, 
B Q, which is moveable about a 
centre at b. (Fig. 72.) 

We have then the celebrated 
combination of levers which was " 
introduced by Lord Stanhope into 
the Printing Press. 

62. The conditions which will 
movement in b q are very simple : 
we have to provide that c p and 
p Q shall come into a straight line 
before b q and p q have the power 
to do so. (Fig. 73.) 

There are two positions in which 
c p Q straightens into one line ; 
and we derive the corresponding 
conditions that 

CB -f BQIS 7 PQ + CP 
and CB — BQisZ.PQ — cp. 

The points £ and h, where the 
oscillation of Q terminates, result 
when c p Q becomes a straight 
line, 

A CE = PQ— CP 
CH = PQ + OP. 



cause a reciprocating 



Fig. 73. 
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53. The most important matter connected with the mo- 
tion of c p and b q is a comparison of their angular 
velocities. 

Draw c 8, B B JL" upon the direction of pq, and let p 
and Q move to p and q respectively during the smallest 
considerable interval at the beginning of the motion. 
(Fig. 73.) 

Then the resolved part of the motion of q in direction q p 

= Q 9 cos P Q 9 
= Q 9 sin B Q B 

BQ 

= BR X ^ 
BQ 

= B B X angle Q b 9. 
So also the resolved part of the motion of p in direction 
Q p = c s X angle t cp. 

But in the first instant of motion these resolved parts are 
equal to each other. 

B R X angle Q b 9 = c s x angle f cp 

, angle q b 5^ _ c s 






• • 



or 



angle p c p b r 
Z. ^ vols, of B Q __ c 8 



Z. ^ vels. of c P BR 

We shall hereafter comprehend the value of this proposi- 
tion, with which we conclude the present chapter. 
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ON THE CONVERSION OF RECIPROCATING INTO CIRCULAR 

MOTION. 

54. It has been shown that the motion of a point in a 
circle results from the combination of two reciprocating 
movements in lines at right angles to one another, and that 
circular may be converted into reciprocating motion by the 
suppression of one of these movements. 

The reconversion of reciprocating into circular motion is 
not a problem of the same kind, as we now require the 
creation of a movement, instead of its 
suppression : such a creation is impos- 
sible in a strict mathematical sense, but 
is practically attainable by mechanical 
construction. 

The circular motion may be that of a 
point, or it may be the motion of a re- 
volving piece which turns always in one 
direction. 

55. If a point, p, be required to de- 
scribe a circle under the influence of 
another point Q oscillating in a straight 
line, it may be placed at the end of an 
arm or crank centred at c, and connected 
with Q by a rod, p q. (Fig. 74.) 

Suppose Q to move in a straight line 
pointing to c. It is evident that Q can 
push p before it, or can draw p after it, 
except in the two positions where c p and p q come into 
the same straight line. 

Also the motion of p must be circular. 
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The two points, a and b, where the tendency to motion 
dies awaj, are called the dead points, and p must be made 
to pass through them without the aid of Q. 

In the steam-engine, where the reciprocating motion of 
the piston connected with q gives rotation to a shaft whose 
axis passes through c, a fly wheel or heavy revolving body 
may carry p through those portions of its path near to a and 
B, and thus the engine may work smoothly and evenly. 

In marine engines, where the fly wheel is not admissible, 
and where the engine must admit of being readily started in 
any position, two separate and independent pistons give 
motion to the crank shaft. In this case the two cranks are 
placed at right angles to each other, so that when one crank 
is in a bad position the other is in a good one. 

The same plan holds in the construction of locomotive 
engines. 

66. If the motion is to be that of a wheel turning about 
its centre, we may suppress one half of the reciprocating 
movement, and let the other half always push the wheel in 
the same direction : this is the principle of a ratchet wheels 
or the reciprocating piece may be of the form shown in 
escapements which produce a recoil, and its pallets will then 
act upon opposite sides of the wheel, and push it always in 
one uniform direction. 

67. A wheel provided with pins or teeth of a suitable form, 

and which receives an inter- 
mittent circular motion from 
some vibrating piece, is called 
a ratchet wheel. (Fig. 75.) 

Let E represent the ratchet 
wheel furnished with teeth 
shaped like those of a saw : 
the driver is a click or paul, 
A B, jointed at one end, a, 
to a moveable arm, a c, 
which has a vibrating mo- 
tion upon c as a centre. 



Fig. 7R. 
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As A c moves to the right hand the click, b, pushes the 
wheel before it through a certain space ; upon the return of 
A c, the click, b, slides over the points of the teeth, and is 
ready again to push the wheel through the same space as 
before, being in all cases pressed against the teeth bj its 
weight or by a spring. A detent, d, prevents the wheel 
from receding, while b is moving over the teeth. 

In this way the reciprocating movement of a b is ren- 
dered inoperative in one direction, and the circular motion 
results from the suppression of one half of Fig. re. 
the reciprocating movement. The wheel, 
E, and the vibrating arm, a c, are often 
centred upon the same axis. 

The usual form of the teeth is that given 
in the figure, and the result is that the 
wheel can only be driven in one direction ; 
but in machinery for cutting metals it is 
frequently desirable to drive the wheel in- 
differently in either direction ; in that case 
Mr. Whitworth adopts the annexed con- 
struction. (Fig. 76.) The ratchet wheel has 
radial teeth, and the click, b, can take the two 
positions shown in the figure, and can drive the wheel in 
opposite directions. 

58. Hitherto there has been nothing to lead us to suppose 
that the advance of the ratchet wheel can be made to differ 
from some exact multiple of the Fig. 77. 

space between two consecutive 
teeth. 

Suppose, however, that it 
were required to advance the 
wheel by the space of half a 
tooth : two clicks, d p, d Q (Fig. 
77.) should be fixed at b, the dif- 
ference between their lengths 
being half the interval between the points p, q. The clicks 
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Fig. 78. 



will engage with the teeth alternately, and the wheel will 
move as if it had twice as many teeth and were worked by 
one click. 

With three clicks differing in length by one-third of the 
interval p q^ the wheel would be equivalent to another with 
three times as many teeth, and so the wheel may be practi- 
cally equivalent to another with a greatly increased number 
of teeth. 

This is a useful contrivance, as it is not advisable to mul- 
tiply the teeth in a ratchet wheel ; they become liable to 
break and wear away, the click occasionally slips, and the 
action is uncertain. 

69. As regards the action between the teeth and the de- 
tent, we observe that the wheel must tend to hold the detent 

down by the pressure which 
it exerts, and that it will do 
80 as long as the line of pres- 
sure on the surface, p r, falls 
below the centre of motion d. 
(Fig. 78.) If the angle qrp 
were opened out much more, 
as shown in Fig. 2., the J.*" 
upon p r might rise above d, 
and the detent would then 
fail to hold the wheeL 

Further, the click has to 
return by slipping over the 
points of the teeth ; the con- 
dition for this result is that 
the J."^ to the surface q r shall 
fall between d and the centre 
of the wheel. 

Where very little force is 
required to hold the wheel, and the exact position is of 
consequence, as in counting machinery, the teeth may be 
pins, and the detent may be a roller pressed against them 
by a spring. 

60. The ratchet wheel has been greatly used for obtaining 





BATGHET WHEELS. 



49 



Fig. 79. 




an advance of the piece of timber in sawing machinery. A 
substitute has lately been found in a very ingenious con- 
trivance constructed as follows : — 

An arm, a b, (Fig. 79.) centred at c, rides upon a saddle 
which rests upon the outer rim of a wheel ; a piece, e b, is 
attached to one end of the arm 
and admits of being pressed 
firmly against the inside of the 
rim of the wheel which carries 
the saddle. 

It is clear that when the 
end, B, of the arm, a c b, is 
pulled to the right hand, the 
rim of the wheel will be 
grasped firmly between the 
saddle and the piece, e e, and 
that the pull in b d will move 
the saddle and wheel togetlier, 
as if they were made in one piece. When b is pushed back 
a stop prevents boa from turning more than is sufficient 
to loosen the hold of e e, and the saddle slides upon the 
rim through a small space. 

In this manner the action of a ratchet wheel is imitated, 
and, by properly regulating the amount of motion communi- 
cated by the link b d, we obtain an equivalent for a ratchet 
wheel with an infinite number of teeth. 

A screw, f, may be employed to bring up a stop, h 
towards the arm, a c b, and thus to prevent the arm from 
twisting into the position which gives rise to the grip of e e. 
The saddle will then slide in both directions without impart- 
ing any motion to the wheel, a result which is obtained in 
an ordinary ratchet wheel by throwing the click off the 
teeth. 

61. In the use of ratchet wheels it is often convenient to 
give a certain definite amount of motion to the arm which 

£ 
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carries the click, and jet to control the amount received bj 
the wheeL 

Let c A (Fig. 80.) be a rod centred at c, p and q two pins 
in a circle which vibrates through the angle p c q. 

Fig. 80. It will be seen that if p and Q 

embrace the rod closely upon oppo- 
site sides the whole vibration of the 
circle will be imparted to c a. 

If, however, q be moved to q^ the 
arm c a will be pushed to q by the 
pin p when moving to the right, but 
will only return as far as Q can carry 
it, t. e. to q, and the vibration will 
take place through an Z Q c ^^ in- 
stead of an Z Q c p, and in this way, by separating 
p and Q, the motion of a c may be reduced till it ceases 
altogether. 

62. This device is put into practice by Mr. Whitworth, 
who derives from it a method of advancing the cutting tool 
in a planing machine. 

Fig 81. A disc p, (Fig. 81.) a ratchet 

wheel B, and an arm carrying a click 
are centred upon the same axis, but 
can move independently of each 
other. The disc f has a circular 
slot cut through it, and a stud which 
is fixed to the arm travels in this slot. 
The arm is not seen in the figure, 
as it is behind the ratchet wheel, 
p and Q are two stops at the end of 
the groove, and q can be moved up towards p. 

The table imparts a definite amount of vibration to the 
disc F, the whole or any part whereof may be received by 
the click according as Q is moved close up to p or is sepa- 
rated from it, and thus the amount of feed may be regu- 
lated according to the demands of the work. 
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63. Where the ratchet wheel movea at each vibratioa of 
the driver, and not during every alternate movement, an 
escapement, or Bomething approxt- Fig.ai. 

mating thereto, must be employed. 
The action now takes place alter- 
nately upon opposite sides of the 
wheel. (Fig. 82.) 

When A. m, in the common recoil J 
escapement^ moves to the left it 
presses down the point of a tooth ; 
when B n moves to the right it 
presses ap the point of another tooth, 
and each action advances the wheel 
in the same direction. 

It will be observed that this direction is the opposite 
to that in which the wheel revolves when driving the 




64. The same action results where two clicks are sus- 
pended to the vibrating bar, and one of them is furnished 
with a hook. 

The bar, e c d (Fig. 83.) moves ^- ^■ 

about c as a centr^ and the clicks 
bang at the extremity, d. When 
p pushes on the wheel, the click 
Q slips over a tooth ; when q is 
driving, tho click p passes over 
the point of a tooth, and thus the 
wheel advances upon each vibra* 
tion of the moving arm. 

The hook may be replaced by a click, as in the annexed 
example, which has been devised for giving the feed in a 
planing machine where the cutt«r acts during each move^ 
ment of the table. 

The levers which carry the clicks are moveable about 
centres at A. and b, and are connected by the link 
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s F. (Fig. 84.) The snspension of two moTMble clicks 
upon a ribratiiig arm la due to Lagaronsae, and follows at 

Flg.M. 




onee as a modificatioo of the anchor in the last article. 

66. The converse of the contrJTance described in Art. 19. 
may be used to coarert reciprocating into circular motion ; 
Fig.n. that is to say, the bar ma^ be employed 

to turn the screw barrel instead of the 
screw driving the bar. 

Such an arrangement gives rise to 
a great increase of friction, and is very 
rarely met with ; there is an instancy 
however, in a drill which is used by den- 
tists, and the movement was at one 
, time proposed by Mr. Whitworth in 
' order to obtain a reversing motion of 
the cutter in planing machinery. 

Arod,H,(Fig. 8S.)wa3 provided with 
a sort of curved tooth, o, whioh fitted 
exactly into a groove in the form of a screw thread traced 
upon the cylinder a b. As the rod moved up and down it 
reversed the position of the cutter, and enabled the cutting 
tool to act while the table was reciprocating in either direc- 
tion. 
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CHAP. in. 



ON THE TEETH OF WHEELS. 



Fig. 86. 



66. We propose now to enter into a mathematical in- 
vestigation of the forms of teeth adapted for the transmission 
of motion or force in combinations of wheel-work, and we 
have already stated the general nature of the problem. 

It is required so to shape the teeth or projections upon 
the edges of two circular discs that the motion resulting 
from the mutual action of such teeth shall be in no wise 
distinguishable from the rolling action of two definite circles 
called the pitch circles of the discs in question. 

The various geometrical propositions which enable us to 
accomplish the solution of the problem will be given in 
detail, and the practical application of these theorems will 
also be indicated as briefly as possible. 

67. When two circles roll to- 
gether, their angular velocities are 
inversely as the radii of the circles. 

Let the circles centred at a and b 
move by rolling through the cor- 
responding angles PBDandQAD. 
(Fig. 86.) 

Let AD = a, BD = & 

QAD = 0, PBD = ^ 

Then q d = a 
p D = ft 
But QD = PD .\ a d=zb <!» 

. e _ * 

• • ~~— "— ^— 

Z. ' vel. of A b 
or = = — 

Z. ^ vel. of B a 
which proves the proposition. 
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68. Let A and b (Fig. 87.) be the centres of motion of two 
pieces provided with teeth of some determinate form, and con- 

Yig, g7. ceive that p is the point 

of contact of the teeth in 
question ; draw p p q, 
a common X' to the 
touching curves cutting 
A B in E. Let p and 
Q be the centres of the 
circles of curvature of 
the curves which touch 
at p, and draw a. b, 
B 8, J,' to B Q. Then, 
in the first instant of 
motion, P Q may be 
regarded as constant; 
and the angular velocities of the two pieces will be iden- 
tical with those of a. p and b q. 

But by Art (63.) /'' vel. of af _ bh _ be 
^ ' vel. of B <j A E A K 
/. ' vel. of piece a _ b b 
Z.' vet. of piece a a b 
Suppose it to be required that the angular velocities of 
the two pieces shall be the same as those of the pitch circles 
of radii a i^ B d. We must now form the curves so that e 
shall coincide with d, and shall never leave it during the 
motion; in other words, the common _L' to the surfaces of 
any two teeth in contact must always pass through the 
point of contact of the two pitch circles. 

If the teeth can be formed so as to satisfy this condition, 
the problem will be fully solved, and we shall give the 
solutions which have been devised by the ingenuity of 
mathematicians. 

69. Def. An epicycloid is traced out by a point p in the 
circumference of one circle, which rolls upon the convex 



whence 
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arc of another circle. The curve is represented by the 
dotted line in Figure 88. 



Fig. 88. 




Fig. 89. 




Fig. 90. 



Def. A hypocycloid is traced out by a point p in the 
circumference of one circle, which rolls upon the concave 
arc of another circle. The curve is represented by the 
dotted line in Figure 89. 

70. Let now the same circle roll upon the outside of the 
circle A and the inside of the circle b ; bring the circles 
together till the two curves and the circles also touch, 
as in Figure 90., and it will be found that the common 
perpendicular at the point of contact passes through d. 

The truth of this statement 
is evident from the considera'- 
tion that when the curves touch, 
the describing circle may be 
taken as ready to generate 
either the one curve or the 
other; now the describing circle 
cannot do this unless it be rest- 
ing upon both circumferences 
indifferently, i. e, unless it passes 
through D as well as p, or unless 
5 D ^ a D. Hence the condi- 
tion in Art. 69. is fulfilled. 

B 4 
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71. We have now obtained two curves which satisfy the 
geometrical requirements of the problem, and it remains 

to put our theory into prac- 
tice. 

The epicycloid and hy- 

F*e«w« pocycloid which form the 

^ acting surfaces of two teeth 

must be produced by one 

and the same describing 

circle. 

Let A and b be the two 
pitch circles. (Fig. 91.) 
Take a circle of any con- 
venient size less than either 
A or By and call it g : with 
i G describe an epicycloid 

/ upon A and a hypocycloid 

'* upon b; let these curves 

determine the acting sur- 
faces oTy bT, of two teeth 
in contact at p; then the 
tooth a p will press against 
6 p so that the perpendi- 
cular to the surfaces in con- 
tact at p shall pass through 
Dy and the relative angular 
velocities of two pieces 
centred at a and b, and furnished with these teeth, will be 
the same as those of the two pitch circles. 

As far as we have gone we have described the point of 
a tooth upon a and the flank of one upon b, and have sup- 
posed A to drive b. If the conditions were reversed and b 
were to drive a, we should again have to obtain from one 
describing circle the curves suitable for the point of a tooth 
upon B and the flank of one upon a. This describing circle 
is not necessarily of the same size as the former one, but it 
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is very advantageous to make it so^ and we shall therefore 
assume that the teeth upon a and b are formed bj the same 
describing circle. 

72. To complete the form of the teeth so that either a or 
B maj drive, the construction is the following : 

Let the describing circle G (Fig. 92.) trace p Q, s b upon 
A, and pq, s r upon b. Then p q determines the form of 

Fig. 92. 




all the points of the teeth upon a, and s b that of the flanks, 
and in the same waj p q and s r together make the point 
and flank of a tooth upon b. 

73. There are two particular cases of the above solution 
jet to be examined. Fig. 93. 

When the diameter of the circle 
which describes a hypocycloid is 
taken equal to the radius of the 
circle within which it rolls, the 
curve becomes a straight line. 

Let c (Fig. 93.) be the centre of 
the describing circle at any time, 
and p the corresponding position of 
the describing point. 

Suppose that p begins to move from e, so that the arc p Q 
may be equal to the arc e q. 
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Fig. 94. 



Join GP, AE; letAEQsstf, PCQ = ^ 

Then p q = e q 

OrCQX^ = ABX6 
But A B = 2 G Q •*• <i> = 2 6. 

Now cannot be equal to 2 6 unless p coincides with b 
in the line a e ; in which case the diameter e a d is the 
path of p. 

74. It will be remembered that the hypocjcloid determines 
the flank of the tooth upon either wheel : if, therefore, the 
radius of the circle describing the hjpocjcloid be taken in 
each case to be half that of the corresponding pitch circle, 
the teeth will have straight, or radial flanks, as thej are 
commonly called. 

The method of setting out the teeth is the following : 

Let A and b be the centres 
of two pitch circles which 
touch in the point D. (Fig. 94.) 
Let a circle, f, whose diame- 
ter is equal to b d, roll upon 
the circle a, and generate the 
epicycloid q p; this curve 
determines the form of the 
driving surface of the teeth to 
be placed upon a. 

Let a circle, a, whose diam- 
eter is equal to a d, roll upon 
the circle b, and generate the 
epicycloid q p ; this curve de- 
termines the driving surface of 
the teeth to be placed upon b. 

Here of necessity the describing circle is not of the 
same size when tracing out the points of the teeth upon 
A and b; but, by reason that the same circle gives the 
point upon A and the flank upon b, the condition in 
Art. 69. is still fulfilled. 
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76. In each case the flanks of the teeth are straight lines 
pointing to the centres of the pitch circles : the form of 
the teeth is given in the annexed sketch. (Fig. 95.) 



Fig. 95. 




76. If we trace the changes in form of the hypocjcloid, 
as the describing circle increases in size till it becomes 



Fig. 96. 





equal to that of the circle within which it is supposed 
to roll) we shall find that the curve gradually opens out 
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into a straight line (Fig. 96.) : that it then closes up again, 
and finally degenerates to a point. (Fig. 97.) 

It will also appear that the same hjpocjcloid is generated 
bj each of the circles a and b, which are so related that the 
sum of their diameters is equal to the diameter of the circle 
in which they roll. 

Fig. 97. 





77. The second particular case of the general solution 

occurs when the hypocjcloid degenerates to a point ; then 

Fig. 98. we obtain a wheel with pins 

in the place of teeth, and de- 
rive a form which is exten- 
sively used in clockwork. 

The pin must have some 
sensible diameter, but we will 
first suppose it to be a mathe- 
matical point 

We have just seen that 
when the hypocycloid be- 
comes a point, the describing 
circle must be equal to that 
within which it is supposed 
to roll. As before, let a and b 
be the centres of the two pitch 
circles touching in the point d. 
(Fig. 98.) 

Let a circle, f, equal to b, 
roll upon the circle A, and 
generate the epicycloid p Q. 
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Fig. 99. 



This curve will determine the acting surface of the teeth 
to be placed upon A : and here again the condition in Art 69* 
18 fulfiUed. 

78. To take into account the size of the pin, we proceed 
thus: 

Let Q p (Fig. 99.) repre- 
sent the acting surface of a 
tooth which drives before it 
a point, p. 

Make p the centre of a 
circle equal to the size of the 
pin : suppose this circle to 
travel along p q, having its 
centre always in the curve ; 
remove as much of the tooth 
as the circle intercepts, and 
the remainder will give the 
form of the working teeth. 

We shall presently find 
that in practice the pins are 
always placed upon the 
driven wheel. 

79. Another solution is derived from a property of the 
involute of a circle. 

This curve is generated by a 
describing point, p, at the end of a 
string p Q, which is kept stretched, 
and is unwound from the cir- 
cumference of a circle. (Fig. 100.) 

From the mode of generation 
it is quite evident that the tan- 
gent at any point, p, of the curve 
is ±' to p Q, the string in Any 
position, and we proceed to show 
that this form of curve fulfils in a very simple manner the 
requirements of Art 69, 




Fig. 100. 
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Let tLe involutes of two circles of any size be formed, 
and let them be brought into contact, as in Figure 101. 

^*«- i®i- The common tangent at p 

must be X' to both p q and 
p R, or Q p R must be a straight 
line. 

Now Q p B is a common tan- 
gent to the two circles, and 
will therefore cut the line of 
centres, a b, in a fixed point, 
D ; but Q p B is also a common 
_L' to the surfaces of the two 
teeth; hence the condition in 
Art. 69. is satisfied, and the 
pieces fitted with involutes of 
circles will move as if the circle 
of radius A d, were to roll upon 
the circle of radius b d. 
80. In constructing teeth upon this principle a great lati- 
tude is introduced from the circumstance that a d (Fig. 102.) 

Fig. 102. and B D may remain 

constant while a b 
and B Q have dif- 
ferent values. 

Having given a d 
and B D, we must 
select some angle, 
B D A, at which to 
draw the line b q, 
and the X" ab, b q 
will then give the 
circles whose invo- 
lutes form the teeth 
upon A and b. 

In teeth of this 
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kind there is no difference in shape between the point and 
the flank. 

81. It remains to apply the above solutions where a 
pinion drives a rack, or conversely. 

In this case one of the pitch circles becomes a straight 
line, or has an infinite radius, and the curve which is traced 
out by a point, p, in a circle rolling upon it, is called a 
cycloid,. and is given in Figure 103. 

Fig. 103. 




The solution in Art. 71. is so far modified that the teeth 
in the rack are formed by cycloids, those in the pinion being 
the same as before. 

The solution in Art. 74. becomes more altered in cha- 
racter ; for here the describing circle which generates the 
curve of the teeth suitable for the acting surfaces upon the 
rack is also infinite. 

Referring to Art. 74. the circle f, rolling upon a straight 
line, generates a cycloid and gives the form of the driving 
surfaces of the teeth upon 
the rack : the circle G 
becomes infinite, and is,p 
changes to a straight 
line. The changes which 
Fig. 94. undergoes being 
exhibited in Fig. 104., 
it is very apparent that 
the curve q p passes into 
the involute of a circle, 
or that the driving sur- 



Fig. 104. 
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faces of the teeth upon the pinion become the involutes of 
a circle. 

The form of the teeth in the rack and pinion is shown in 
Figure 105., the flanks in each case being straight lines. 

Fig. 105. 





Fig. 107. 



82. The solution in Art 77. changes as follows : — 

Fig. 106. Let the circle a become 

infinite ; then the curve, p q, 
passes into a cycloid ; so that 
the teeth upon the rack are 
cycloidal, as in Figure 106. 

Here the rack drives the 
pinion, but it may happen that 
the pinion drives the rack« 

Now the pins are always to 
be placed upon the follower 
and not upon the driver, and 
as a consequence the circle b, 
in Fig. 98., becomes infinite, 
c p changes to a straight line, 
and p Q to the involute of a 
circle. 

The annexed sketch (Fig. 107.) gives the result of the 
proposition, and shows the pinion driving the rack. 

The solution in Art. 79. changes if the circle a become in- 
finite ; in that case the involute of the infinite circle of radius 
A B is a straight J. ' to its circumference, or J. ' Q i>* Hence the 
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Fig. 106. 




teeth of the rack are straight lines X' to the direction 
of Q D. The direction of d q is arbitrary ; but, when it 
has once been as- 
sumed, the radias 
B Q will be deter* 
mined, and the in- 
volute teeth can be 
formed upon b, the 
teeth of the rack 
being straight lines 
inclined to the pitch 
line at an angle b d q. (Fig. 108.) 

83. There are now sundry general points for consideration. 
We may inquire, where does the action of two teeth begin, 
and where does it leave off ? rig. 109. 

Referring to the solution in 
Art. 71. we observe that if the 
motion take place in the direc- 
tion of the arrows, and the de- 
scribing circle be placed so as 
to touch either pitch circle in d, 
the contact of two teeth com- 
mences somewhere in a d, travels 
along the arc a d 6, and ceases 
somewhere in d h. 

Since a d (Fig. 109.) lies en- 
tirely without the pitch circle b, 
it is clear that the action in a d 
is due solely to the fact that the 
teeth upon b project beyond the 
pitch circle b, and similarly that the action in d 6 depends 
upon the projections or points of the teeth upon A. 

It is further evident that the greater the number of teeth 
upon the wheels, the more nearly their action is confined to 
the neighbourhood of the point d. 

F 
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By properly adjusting the amount to which the teeth are 
allowed to project beyond the pitch circles, and also their 
numbers, we can assign any given proportion between the 
arcs of contact of the teeth upon either side of the line A d b. 

Where the teeth upon b are pins, there is comparatively 
very little action before the line of centres, and there would 
be none at all if the pins could be reduced to mere points, 
as in that case there would be nothing projecting beyond 
the pitch circle b. 

84. It will be proved when we treat of rolling curves 
that the surface of one tooth must always slide upon that 
of another in contact with it, except at the moment when 
the point of contact is passing the line of centres. 

This matter should be well understood, the teeth are per- 
petually rubbing and grinding against each other ; we cannot 
prevent their doing so ; our rules only enable us so to shape 
the acting surfaces that the pitch circles shall roll upon 
each other. 

Nothing has been said about the teeth rolling upon each 
other ; it is the pitch circles that roll ; the teeth themselves 
slide and rub during every part of the action which takes 
place out of the line of centres. 

Since, then, the friction of the teeth is unavoidable, it 
only remains to reduce it as much as possible, which will be 
effected by keeping the arc of action of two teeth within 
reasonable limits. 

Generally, the friction before a tooth passes the line of 
centres, is more injurious than that which occurs after the 
tooth has passed the same line : the difference between draw- 
ing a walking-stick along the ground after you and pushing 
it before you is given by Mr. Denison as an illustration of 
the difference between the friction before and after the line 
of centres ; but this difference is less appreciable when the 
arc of contact is not excessive. 

Where a wheel drives another furnished with pins instead 
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Fig. no. 




of teeth, the friction nearly all occurs after the line of 
centres; hence such pin wheels are very suitable for the 
pinions in clockwork. 

There is a very old form of the 
pin wheel, called a lantern pinion, 
which is shown in the figure, 
(Fig. 110.) and which possesses 
the merit of great strength and dura- 
bility. 

86. Again, since the line d p in Art. 70. is a J.' to the 
surfaces in contact at p, it follows that the more nearly d p 
remains J.'^ a d b, the less is the loss of force transmitted 
between the wheels. 

Here we have an^dditional reason for keeping the arc of 
contact as close as possible to the point d ; there is a sensible 
loss of power as soon as the line d p differs appreciably from 
the direction X*" to a b. 

It is on this account that involute teeth are not used iu 
machinery calculated to transmit great force : the line p d q 
in Art. 79. is always inclined to the line a d b at a sensible 
angle, and a direct and useless strain upon the bearings of 
the wheels is the result. 

86. As regards the strength of the teeth, we remark that 
this quality is influenced by the size of the describing circle. 



Fig. 111. 
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If the diameter of the describing circle be less than, 
equal to, or greater than the radius of the pitch circle, we 
shall have the flanks as shown in the sectors a, 6, c of the 
figure. (Fig. 111.) 

It is evident that a small describing circle makes the 
teeth strong, and that it would be unwise to have them 
weaker than they are with radial flanks. The form of in- 
volute teeth being somewhat similar to that of a wedge, the 
teeth of this character are usually abundantly strong. 

87. In combinations of wheel-work, the accurate position 
of the centres must be strictly preserved ; all the solutions 
given above, with one exception, entirely fail if there be 
any error in centering the wheels ; they are totally vitiated 
if anything arises to deprive them « their geometrical 
accuracy. The exception occurs with involute teeth: the 
position of the centres determines the sum of the radii of 
the pitch circles, and the wheels will work accurately as 
long as the teeth are in contact at alL 

We see too that teeth with radial flanks are not suitable 
for a set of change wheels ; the describing circles being de- 
rived from one pair of pitch circles, cannot be adapted to 
a different pair. 

Where, however, the solution in Art. 71. is employed, the 
describing circle may be made the same for any number of 
pitch circles, and in that case any pair of wheels will work 
truly together. 

88. The teeth upon bevil wheels are formed by a method 
due to Tredgold. 

Let FEDH,KEDL, (Fig. 112.) represent the frustra of 
two right cones, whose axes meet in c, and which are there- 
fore capable of rolling upon each other. 

Let it be required to construct teeth upon two bevil 
wheels which shall move each other just as these cones 
move by rolling contact. 

Draw A D B J/ D £, meeting the axes of the cones in a 
and B. 
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Suppose the conical surfaces h a d, b d l, to have a real 
existence, and to be flattened out into the circular segments 

Fig. 112. 




D By D s ; these segments will roll upon each other just as 
the circular base h d rolls upon the circular base d l. 

Hence these segments will serve as pitch circles, upon 
which teeth may be constructed by the previous rules : such 
teeth may be formed upon a thin strip of metal, and their 
outline can then be traced upon the surface of the cone 
terminating in A. 

Similarly, if 6 e a be drawn X' to e d, the circle of radius 
A (i = E a will be the pitch circle for the teeth upon the 
conical surface Ear; the teeth will taper from d to £, and 
the intermediate form will be determined by a straight line 
moving parallel to itself, and originally passing through d e. 
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CHAP. IV. 

ON THE USE OP WHEELS IN TRAINS. 

89. When a train of wheels is employed in mechanism, the 
usual arrangement is that exhibited in the figure, where 

Fig. 113. 




two wheels of unequal size are placed upon every axis ex- 
cept the first and last. (Fig. 113.) 

Let A be the driver, l the extreme follower, and conceive 
that L makes (e) revolutions while a makes one revolution ; 
we propose to designate (e) as the value of the trains so 
that generally 

number of revolutions of l in a given time 

number of revolutions of a in the same time* 

The value of e may be found at once when the numbers of 
teeth upon the respective wheels are ascertained. 

Let A, B, c, D, &c. represent the numbers of teeth upon 
the respective wheels : the condition of rolling gives 

number of revolutions of b in a given time __ a 
number of revolutions of A in the same time ~ b^ 

and similarly for each pair of wheels : 

A E o K 

/. 6 = - X - X — X &c. ... — 

B D F L 
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We may frequently find it very convenient to regard (e) 
as positive or negative according as a and l revolve in the 
same or in opposite directions. 

We estimate the comparative rotation of wheels in various 
ways, thus : 

Let N, n be the numbers of teeth upon two wheels. 
R, r their radii. 

p, p their periods of revolution. 
X, X the number of revolutions made by each wheel 
in the same given time. 
It is easy to see that 

n '" r "" p X 

Cor. A belt and a pair of pulleys supply a mechanical 
equivalent for two working wheels : the belt may be open or 
crossed, and in either case 

the number of revolutions of b in a given time 
the number of revolutions of A in the same time 

__ diameter of a 
diameter of b' 

The crossing of the belt reverses the direction of one of the 
pulleys. 

Ex. Suppose that we have a train of ^ve axes, and 
that 

1. A wheel of 96 drives a pinion of 8. 

2. The second axis makes a revolution in 12 seconds, and 
the third axis in 5 seconds. 

3. The third axis drives the fourth by a belt and a pair 
of pulleys of radii 20 and 6 inches. 

4. The fourth axis goes round twice while the fifth goes 
round three* times. 

or the last axis makes 144 revolutions while the first axis 

goes round once. 

t4 
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90. When any number of wheels are in gear, as in the 
figure, they are equivalent to a pair of wheels, viz. the first 
(a) and the last (l) ; the intermediate wheels act as carriers 
merely. (Fig, 114.) 

Fig. 114. 




TT ABO K 

Here c=— x— x — x...— 
B c d L 



It is very obvious that a wheel and pinion upon the 
same axis is a combination equivalent to a lever with un- 
equal arms, and modifies the force which may be transmitted 
through it; a single wheel, however, is equivalent to a 
lever with equal arms, and produces no modification of the 
force which may pass through it. 

91. If, then, a wheel b (Fig. 115.) be placed between 
two other wheels a and o, the efiect of b will be simply to 

Fig. 115. change the direction in which c re- 

volves: the intermediate wheel will 
not at all alter the velocity of c, and 
is therefore called an idle wheel, ' 

J£ the axes a and o are too close 
together to allow space for b, the 
arrangement in the figure may be 
adopted where b is a thick wheel 
gearing into both A and o, and is 
termed a Marlborough wheel, 

92. In designing toothed wheels, the following very simple 
equation connects the diameter of the pitch circle with the 
number of teeth and their pitch. 
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Let D be the diameter of the pitch circle in inches, 
p the pitch of a tooth in inches. 
n the number of teeth upon the wheel. 

Then «.p = circumference of pitch circle = ir d, 

22 
where ir = 3*141699 or = -=- approximately. 

Hence n = — • d 

p 

p 
or D = — . n. 

TT 

In order to save trouble, definite values are assigned to p, 
such as ^, |> |, I, I, I, 1, 1|, 1 J, 1^ 2, 2J, &c., and the 

values of ^, - are calculated and registered in a table, 
p w 

Thus let p = 2^ inches, we find in the table that 
- = 1-2566 and -= -7958. 

P w 

Suppose a wheel of 88 teeth, and 2^ inch pitch, to be 
in course of construction, and that we require to know the 
diameter of the pitch circle. 

D = — . n 

w 

=a -7958 X 88 =» 70-03 inches, 
or, again, if the diameter of the pitch circle be 70 inches 
and the number of teeth of 2^ inch pitch be required, 

n = — . D 

p 

= 1-2566 X 70 =r 87-96 

= 88 very nearly. 

In practice it is more easy to treat of the subdivision of a 

straight line than of the circumference of a circle, and it is 

the custom therefore to suppose the diameter of the pitch 

circle to be divided into as many equal parts as there are 

teeth upon the wheel, and to designate _ as the diametral 
pitch in contradistinction to p, the circular pitch. 
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Further, let — s — where miatt whole nnmber, 



The values of m and — are registered in at&ble, of which 

a portion is given, and the circular pitch can be at once 
found. 
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-5 = -l = i. 

M 80 10 
Hence p = '314 = -^ inch. 

93. A common eight-day dock affords a familiar illustra- 
tion of the employment of a train of wheels. 

Figure 116. represents the disposition of the wheelwork 
in a clock of this character, and the various wheels are 
named in the sketch. 

The great wheel turns round once in 12 hours, and may 
have 96 teeth : if then it engage into a pinion of 8 teeth on 
the axis or arbor of the centre wheel, this pinion will tarn 
12 times while the great wheel turns once, and is capable 
of carrying the minate hand. 

Suppose the pendulum to swing 60 times in a minnts, or 
to be a seconds pendulum, the scape wheel may have 30 
teeth, and will be required to turn once in a minnte. 

Hence the value of tlie train from the centre to the scape 



WHEELS IN TBAIKS. 



75 



Fig. 116. 



e = 



= 60. 



wheel should be 60 ; if the piniocs on the axes of the second 
and scape wheels have each 8 teeth, the centre and second 
wheels may have 64 
and 60 teeth : in 
such a case 
64 X 60 
8x8 

In order that the 
clock may go for 8 
days the great wheel 
must be capable of 
turning 16 times be- 
fore the maintaining 
power is exhausted. 

In a watch the 
balance wheel, which 
performs the func- 
tion of a pendulum, 
makes at least 120 
vibrations in a mi- 
nute, and it is there- 
fore desirable to in- 
troduce an additional wheel and pinion into the train. 

94. The Screw-cutting Lathe is constructed upon the 
following principle : — 

A B and c D (Fig. 117.) are two parallel axes; a screw 
thread of a certain pitch is formed upon c d, and the slide 
rest, which carries the cutting tool, derives its motion from 
a nut placed upon c d. 

In the figure we Fig. 117. 

suppose the nut n to 
carry a pointer, p, 
which may trace a 
screw thread upon 

AB. 

Upon each revolu- 
tion of c D the nut 
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advances throngh a space equal to the pitch of the screw ; 
if A B also revolve at the same rate as c d, and in the same 
direction, the point p will describe upon ab a screw thread 
exactly similar to that upon CD; if A b revolve more or 
less rapidly than cd, the pitch of the screw upon a b will 
he less or greater than that upon c d. 

Generally if a b make (m) revolutions for (n) revolutions 
of CD, 

pitch of screw on a b _n^ 
piteh of screw on C d m 

The axes a b, c d are connected by a train of wheels, as 
in the diagram annexed. (Fig. 118.) 




Let E, F, K, H represent the numbers of the teeth upon the 
wheels so distinguished ■, 

Then (e) the value of the train = £_^L5 

. pitch of screw upon A b _ e x K 
*' pitch ofscrew upon CD "" r x a 
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Ex. Let the pitch of the screw upon c d be ^ an inch, 
and let it be required to cut a screw of -^ inch pitch upon 
A B, or a screw with 13 threads to the inch. 

Here e = ~- 
13 

which is satisfied in the following manner : — 

E X K _ 90 X 20 
F X H 130 X 90 

A series of change wheels is furnished with a lathe, 
and a table indicates the wheels required for cutting a 
screw of any given number of threads to the inch. The 
screw upon c d having 2 threads in an inch, the numbers 
of teeth to be assigned to e, f, h, k are given in the table 
of which a specimen is subjoined. 



No. of Threads 
per Inch. 


e 


F 


K 


H 


12 


90 


90 


20 


120 


12| 


60 


85 


20 


90 


13 


90 


90 


20 


130 


13i 


60 


90 


20 


90 


13| 


80 


100 


20 


110 


14 


90 


90 


20 


140 



The guiding screw being right-handed, the above ar- 
rangement is suitable for cutting right-handed screws. 

To cut a left-handed screw it is essential that a b and c d 
shall revolve in opposite directions. 

Now A B revolves with the mandril of the lathe, and 
therefore the direction of the rotation of c d must be re- 
versed ; this is effected by interposing an idle wheel between 
H and K, which reverses the motion of the guide screw c d, 
and makes the nut travel in the reverse direction. There 
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is a double slot upon the arm which carriee s, in order to 
allow of the adjustment of this idle wheel. 

95. The following contrivance (Figs. 119j 120.) is very 
largely eniployed in machinery for cutting metals. It 
enables tbe mechanic to change from a higher to a lower 
velocity, and gives another simple example of the use of 
wheels in trains. 



A B is tbe driving shaft upon which tbe cone pulley, p, 
rides loosely ; f is a wheel attached to p and moving vritb 
it; K is a wheel keyed upon the shaft a b ; c d is a second 
axis fitted with wheels, e and h, and capable of being 
shifted into the position shown in Figure 119. 

At ordinary speeds the wheels E and H are out of gear, 
andpis fastened to k by means ofa moveable pin. (Fig. 119.) 

The motion then goes from f to k, and bo to the driving 
shaft, A B. 

When a slow speed is required, the axis c d is moved 
into the position in Fig. 120., and the pin connecting f and k 
is removed ; the wheel f turns with p, drives the wheel e, 
and so the motion passes through a to k, and thus to the 
driving shaft. The speed of a b is therefore reduced by the 

mnllaplie: 

ofteetb upon these wheels respectively. 
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96. The problem of connecting two axes by a suitable 
intermediate train of wheels maj in some cases prove ex- 
tremely troublesome, and may demand a considerable amount 
of arithmetical ingenuity. 

The value of e being assigned as a fraction, the only thing 
to be done is to resolve the numerator and denominator into 
their prime factors, and then to compose the best train 
which may suggest itself. 

If any of the factors appear unmanageably large we may 
approximate to the value of e by continued fractions, and 
seek other factors which present less difficulty. If the value 
of e be an integer, it must still be split up into factors, and 
be further multiplied and divided by the numbers of teeth 
in each pinion. 

Thus, suppose that two axes are to be connected whereof 
one revolves in 24 hours, and the other in 365 days, 5 hours, 
48 minutes, 48 seconds, as in Mr. Pearson's Orrery. 

Since 24 hours = 86400 seconds, 
and 365 days, 5 hrs. 48 min. 48 sec. = 31556928 seconds, 

31556928 



• • 



e = 



86400 
_ 164359 

450 
_ 269 X 47 X 13 
10 X 9 X 5' 
Here 269 is an inconveniently large number, and 5 is cer- 
tainly too small. 

The wheel of 269 teeth cannot be got rid of without 
altering the entire ratio, but the pinions of 9 and 5 teeth 
may be changed into others of 18 and 10 teeth. 

Thus we have . = ^f^ >< f ^ ^ ^^ 

10 X 10 X 18 

Those who have approximat'Cd to e by an algebraical 

process have derived the fraction 

94963 _ 11 X 89 X 97 

260 4 X 5 X 13 

_ 44 X 89 X 97 

8 X 10 X 13 
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which avoids the high number 269^ and corresponds to a 
period of 365 dajs, 5 hours, 48 min., 55*38 sec. 

K e be an integer^ as 720 for example, 

c = 10 X 9 X 8 
_ 80 X 72 X 64 
8 X 8 X 8 ^ 
which gives a probable solution for the train. 

It is also a matter of inquiry to ascertain the smallest 
number of intermediate wheels which will suffice to transmit 
any required motion. 

The smallest number of teeth which are to be allowed 
upon a pinion must be given, as well as the largest number 
to be allowed upon any wheel. 

Suppose that no pinion is to have less than 6 teeth and 
no wheel more than 60, and let us trace the values of e. 

fiO 

With two axes c = -- = 10. 

6 

If the numerator be diminished, or the denominator be 

increased, the resulting value of e is lessened, or in other 

words, 10 is the greatest possible value of e when two axes 

are employed. 

With three axes the greatest value of e is -— or 

^ 6x6 

100, and with four axes it is 1000, and so on. 

Let e have some value between 10 and 100, we now find 

that three axes will suffice, and that each wheel must have 

less than 60 teeth in order to reduce e from 100 to 60. 

Thus e = :^ X ^ = 60. 
6 6 

365 
Again, let e = —^ = 121§, and suppose 180 and 12 to 

3 

be the limiting numbers of teeth upon a wheel and pinion 
respectively, in the train which is about to be composed. 

Then ^=15 
12 

and l^x 1^ = 15 X 15 = 225. 
12 12 
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Now 121f is L 225, and therefore three axes will suffice 
as in the train represented by 

^ 180 146 
^ = 78 ^12 

Grenerallj, let|> be the least number of teeth upon a pinion, 
w the greatest number upon a wheel, x the number of 
fractions in e : then the greatest possible value of e will be 
given bj the equation 

whence log e -=. x (log w — log p) 

. ^- logc 

log w — log jJ 

X will probably be a fraction, in which case the next in* 
teger greater than x \- \ will represent the required number 
of axes. 

Ex. Let e =i|^, ii?= 180, /i = 12 

. ^= 15 • X = log 365 - log 3 
• • 1? log 15 

= 1 4- a fraction. 

Now the integer next greater than a; + 1 is 3, or 3 axes 
will be required as shown above. 

We observe that it is not necessary to find the actual value 
of Xy but simply to ascertain the integer next greater than it. 

97. Next let a wheel of a teeth drive one of b teeth where 

A is 7 B, and let - = ? in lowest terms. 

B 6 

1. Let it be required to bring the same teeth into contact 
as often as possible. 

Since this contact occurs after h revolutions of a or a 
revolutions of b, we shall effect our object by making a and 
h as small as possible, that is, by providing that A and b 
shall have a large common measure. 

a 
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2. Let it be required to bring the same teeth into contact 
as seldom as possible. 

Here we must trj and prevent a and b from having anj 
common measure at all. 

Ex. Let A = 72, B = 24 

thenf = g =i 
6 24 1 

or the same pair of teeth will be in contact after three re- 
volutions of B, or one revolution of a. 

Next let A = 73, B = 24, then ? = 3 very nearly, and 

b 

the relative angular velocity of a and b is scarcely dis- 
tinguishable from what it was originally. 

A 73 
But now - = —- and is already a fraction in its lowest 

B ^4 

terms ; there will therefore be a contact of the same pair of 
teeth only after 73 revolutions of b, or 24 revolutions of a. 

The insertion of a tooth in this manner was an old con- 
trivance of millwrights to prevent the same pair of teeth 
from meeting too often, and was supposed to ensure greater 
regularity in the wear of the wheels ; the tooth inserted was 
called a hunting cog. 

The clockmakers, on the contrary, appear to have adopted 
the opposite principle. 

Finally, we would remind the reader that everything 
which we have said here about wheels in trains is true, 
whatever be the directions of their axes ; we only care to 
know the relative sizes of the pitch circles, and the direc- 
tions in which they turn ; any part of the train may foe 
composed of bevU wheels without affecting our results. 
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CHAP. V. 

AGGBEGATE MOTION. 

98. We have seen that every case of the curvilinear mo- 
tion of a point is of a compound character^ resulting from 
the superposition of two or more rectilinear motions. 

It often happens in machinery that some revolving wheel 
or moving piece becomes the recipient of more than one in- 
dependent motion, and that such different movements are 
concentrated upon it at the same instant of time. 

The motion is then of a compound or aggregate character, 
and we propose to classify under the head of Aggregate 
Motion a large variety of useful contrivances. 

We may commence with two or three very simple ex- 
amples. 

The well-known frame called Lazy Tongs is a contriv- 
ance depending upon aggregate motion. (Fig. 121.) 

The rapid advance Fig. 121. 

of the ends a and b is 
due to the fact that 
these points are the 
recipients of the sum 
of the resolved parts 
of the circular motion which takes place at each angle. 

99. Hunter's differential screw is another instance. 

A B represents an axis upon which are formed two screw 
threads of different degrees of inclination, but of the same, 
character. 

E is a fixed nut, and d slides along the frame. 

Let p, Q, represent the pitches of the screws at e and d ; 

02 
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upon turning A B once tie nut D is carried forward through 

a space p, and is brought back again through a space 

Fii.itt. q; it therefore ad- 

vances through the 

difference of these 

' intervals. 

If one screw thread 
were right-handed 
and the other left-handed, the nut would travel through a 
space, p -H Q, upon each revolution. (Fig. 122.) 

The usual form of the contrivance la given in Figure 123., 
where one screw is a hollow pipe whose interior surface 




acts as a nut for the second screw. The result is precisely 
the same as before. 

100. In the Chinese Windlass (Fig. 124.) a rope is coiled in 
opposite directions round two axles, a and b, of unequal 
size; the rope is consequently nawound from one axle 
while it ia being wound up by the action of the other. 

Let B, 7- be the radii of the axlea, then w moves through 
2 ir (r — r) upon each revolution of the axlea. 

The length of string required for each revolution is more- 
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ever 2 ^ (b + r) and is so large that the contriyance is 
practicallj of little value. 

101. The subject of Epicyclie trains will now occupy our 
attention, and we shall discuss some of the most useful ap- 
plications of that peculiar arrangement of wheelwork which 
is technicallj so designated. 

An epicjclic train differs from an ordinary train in this 
particular : the axes of the wheels are not fixed in space, 
but are attached to a rotating frame or bar, in such a man- 
ner that the whole train of wheels can derive motion from 
the revolutions of the bar. 

There are certain fundamental forms which consist of 
trains of two or three wheels ; the first wheel of the train is 
usually concentric to the revolving arm, and the last wheel 
may be so likewise. 

These elementary forms are exhibited in the annexed 
diagrams, and the peculiarities which result from compound- 
ing any independent motion with that which arises from 
the rotation of the arm will demand some careful and atten- 
tive study. Fig. 125. 




Fig. lae. 




In Figures 125. and 126. the wheels A, b, or the wheels 

A, B, and c, are attached to a bar which is capable of 

revolving about the centre of the wheel ▲. 

o 3 
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In Figure 127. we hare a combinalion of three bevil 
wbe«lii, whereof the axes of a and o are identical and fixed 
FK. m. ii> Bpac^ and the wheel b is carried round 

npon an arm which supports it. 

It should be understood that any num- 
ber of intermediate wheels may exist 
between the first and last wheels of the 
^ ^5 train, and that the wheels in the train 
^ '^ may derive the whole of their motion from 
the arm, or tbey may receive one portion 
jrom the arm and the remainder from ait 
independent source. 
102. Let the arm make a revolutions 1 during the 
The first wheel A make m revolutions > same period 
The last wheel c make n revoIutionB J of time, 
and let e (Art. 89.) be the value of the train. Then the 
first wheel makes (m — a) revolutions relatively to the arm, 
and the last wheel makes (« — a) revolutions relatively to the 
same arm; whence it follows that e = — ^Z — 
There are three cases to consider : — 
1. Let A be fixed or ra = 




n = a (1 — c) and « = ,- 
Let c be fixed or » = 



.-.«=« f'l - i ) and o = ^ 

t. Let neither of these wheels be fixed. 
Then me — a e = na 

_me — n_me, n 

•• " e - 1 ~T-i'^ nr7 

8 to say, the number of revolutions of the arm is the 
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&ggi^6gate of the separate revolutions which it would have 
received in the two former cases. 

103. FergusorCs Paradox is obtained by placing three 
wheels upon the axis which usually carries c, and making 
these wheels very nearly equal to each other and very 
nearly equal to A. 

Thus let A (Fig. 128.) have 20 teeth, and the numbers 
of teeth upon e, f, g be 21, 20, 19 respectively. 




The number of teeth upon b is immaterial. ^ 

20 
For the wheel e we have c = — which is less than unity. 

.•.- = 1 =— and is positive. 

a 21 21 '^ 

2. For the wheel p; c = ?^ = 1 .% ~ = 

20 a 

20 

3. For the wheel g ; c = -- 

/. - =1 -_-=—_ and is negative, 
a 19 19 

So that when the arm is made to revolve, the wheel e 
turns slowly in the same direction as the arm, f re- 
mains at rest, and a moves slowly in the reverse direc* 
tion. 

104. The Sun and JPtanei Wheels were invented by Watt, 

and were used to convert the reciprocating motion of the 

working beam of an engine into the circular motion of 

the fly wheeL 

o 4 
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The wheel a (Fig. 129.) is supposed to be fixed to the 
arm a c, and at the same time to derive motion from the 

Fig. 129. 




working beam b "d, by its attachment to the connecting 
rod A B. 

F is the fiy wheel of the engine^ and c is a spur wheel 
centred upon the same axis as f, and turning with it. 

Here a is fixed to the arm or m = 0. 

Also A and c turn in opposite directions •*• e is negative, 
and the formula in Art. 102. gives n = a + e a. 

J£ A and c be equal, or e = 1 the equation becomes n = 2 a 
and the fly wheel makes two revolutions for each one of 
the crank arm. 

105. An illustration may now be taken from the cotton 
mills of Lancashire. 

During the process of the manufacture of cotton yam or 
thread, it is essential to wind the partially twisted fibre 
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upon bobbine, and at the same time to protect it &om taij 
undue strain. 

The fibre is delivered to the bobbine at a nniform rate, 
whereas the bobbins get larger as they fill with the material 
or rovit^, and hence the winding machinerj must be so con- 
trived that the rate of revo- ^e- "*■ 
lution of the bobbin shall 
alowlj decrease upon the 
completion of each layer of 
the fibre. 

In the year 1826 Mr. H. 
Houldswortb patented an 
invention which solves the 
problem of the bobbin mo- 
tion in the most complete 
and satisfactory manner. 

In the last case of Art. 101. 
we have supposed the wheel 
B to be carried by an arm 
which is capable of revolu- 
tion round the axis A C ; the 
best way, however, of sus- 
pending B ia to attach it to 
the face of a wheel h, as in Figure 130. 

Let this be done, and let A be connected with the driving 
shaft of the engine, so that the rotation of a shall neces- 
sarily be constant. 

If now some independent motion be imparted to the wheel 
H, the result may be calcnlal«d from the fonnula. 

Here A, b, c are e^ual in size. 

« =- 1 
,*. n ~a ^ a ~ m 




which gives the analytical relation between the angular 
velocities of a, b, o. 
As soon as we examine this formula, we shall compre- 



90 ELElfENTS OF MECHANISM. 

hend that the velocity of c may be reduced by altering the 
velocity of h. 

1. P'or let a = m^ or let a and h turn at the same rate, 

Then n + i»=2a = 2w 
/. ;^ = 97t, or c has exactly the same motion as a. 

Q AM 

2. Let a = — -. t. e, let h make 3 revolutions while a 

4 

makes 4. 

^ _. o.. 3i» 3»i 



. . n + w = 2 X 



4 



/« n = ^ or c moves half as fast as a. 

3. Let a = — - in which case h makes one revolution for 

two revolutions of a. 

/. n i- m = 2 x~=: m 

.*. » = 0, or c stops altogether. 
106. We have taken extreme cases, from which it appears 
that when the velocity of the arm is made less than that of 
A, the velocity of c is reduced in a twofold degree. 

Grenerally, let a = wi — ^ 

X 

/. n = 2 a — m 



= 2m-^-m 



= «i — 



X 

2 m 



X 

or the diminution of n is twice that of a. 

It now becomes easy to obtain any required reduction in 
the velocity of c : a reduction in the velocity of H must first 
be effected by shifting a driving strap along a conical pulley, 
and the velocity of c will be reduced exactly twice as much 
as that of H. 

Mr. Houldsworth's invention consists, therefore, in im- 
parting to the wheel c two independent motions which travel 
bj- different routes, and which, after combination in the 
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Fig. 131. 



iiiiiiini 





manner just investigated, are capable of producing the de- 
sired bobbin motion, 

107. In order to ^j: our ideas let us calculate the motion 
in the following example : — 

Suppose A, B, c (Fig.. 
131.) to be three equal 
wheels, and that a is ^ 

fixed to a shaft a d, 
which carries a conical 
pulley provided with 
steps at a, b, o, d, e, 
where the diameters are 
4, 5, 6, 7, 8. 

E F is another shaft . . ^ . 

^carrying a second coni- ^\m ^ Li 

cal pulley which is the counterpart of the first, and termi- 
nating in a wheel f whose diameter is half that of H* 

A crossed strap connects the two cones, and the axis A d 
is made to revolve with a uniform velocity. 

It is required to deduce the motion of when the strap is 
shifted along the conical pulley. 

1. Let the strap be placed at o, the velocity of h will be ^ 
that of A D. 

.% a = — and « = 2 x - — »i = — — 

4 4 2 

or c moves in the opposite direction to A, and with half its 

velocity. 

J* 

2. Let the strap be at b, the vel. of h will be — that of 

/ 5 1 5 ^ 

A D (here e = ;- x — = ~ according to Art. 89. 1 

V 7 2 14 / 

or a = . and n ^z^a-^m^s. ___ — m 

14 7 

2m 



or c still moves in the opposite direction to A, but less 
rapidly in the ratio of 2 to 7. 
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8. Place the strap at c, 

then a = --/. » = 2x^— i» = 

or c stops altogether. 

4. Place the strap at rf /. a = t^ x-i = -^ 

^ 5 2 10 

V n 7 ^ 2 m 

whence » = 2 a — »i =— =- — »i = — -~ 

o o 

ue, and a move in the same direction with velocities in 

the ratio of 2 to 5. 

5. Finally adjust the strap at e, and the velocitj of h will 
be the same as that of a d. 

Here a = m and n:=2m — m = 97t, 
or the motion of is precisely the same as that of a. 

108. Numerous models intended to illustrate simple as- 
tronomical problems connected with the motion of the 
heavenly bodies are formed upon the principle which is 
under discussion. 

The subjoined arrangement exhibits mechanically the 
phases of the moon. 

Here wheelwork is dispensed with ; a and c are simple 
discs of wood connected by a gutta-percha band, as in the 
diagram. The band may be crossed or otherwise, according 
as the discs are required to turn in opposite or the same 
direction. 

B is the earth (Fig. 132.); a white ball m, fixed rigidly 

Fig. 132. 






^ii I ''>■>! 
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Fig. 133. 




to the arm, represents tl^e moon ; a hemispberical black 
cap fits upon m, and is connected with the disc c, so as to 
move with it. If the cap 
is to represent the dark por- 
tion of the moon's surface, 
it must not rotate as the 
arm revolves, and this is 
clearly the case of the 
wheel p in Ferguson's Pa- 
radox ; consequently A must 
be equal to c, and the band 
which connects A and c 
must not be crossed. 

As the arm revolves the 
disc c remains fixed in direction and the hemispherical cap 
takes the positions indicated in the diagram. (Fig. 133.) 

109. Epicyclic trains may be employed to produce a very 
slow motion upon the following principle : — 

Let A, B, c, D (Fig. 134.) represent the numbers of teeth in 
a train of wheels in gear arranged as in the figure. 

If A = D, and B = c, then a and 
D will rotate with the same velocity 
in the same direction, but if the 
equality between (a, d) and (b, c) 
be slightly disturbed, we shall pro- 
duce a small change in the value of the train. 

Suppose A to be Z. i>, as for example, a = 31, d = 32 
and B to be Z. c or b = 125, c = 129. 

Then e, the value of the train, will be 

_ 31 X 129 _ 3999 
125 X 32 4000 

Also the more nearly the equality is maintained between 
(a, d) and (b, c) the more nearly will the angular velocities 
of A and D be the same, or the more nearly will e be equal 
to unity. 
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Thus if B = D = 100, A = JOl, = 99 
wehavee=12L2L_99^_9999 

100 X 100 10000 
Let us now arrange a, b, c, d, in an epicjclic train, then 
the turning of the arm will set all the wheels in motion, 
and we shall have d and a moving relatively to each other 
just as before, that is to say, d will turn very slowly over a 
at rest. (Fig. 135.) 

Fig. 135. 

li^"""""""'" ' """i" 
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Taking the formula 
for e the values given above^ 
we have in the first example 



^ = 1 — e, and substituting 



n 
a 
n 
a 



4000 
1 



and in the second example — = ,^^ _ 

^ a 10000 

Hence the arm will make 4000 or 10000 revolutions re- 
spectively while the wheel d turns round once. 

110. This last example leads us to compare the movement 
of any wheel in an epicyclic train with that in another train 
where the axes are fixed in space. 

Take a very simple case, such as that of three equal 
wheels, a, b, c. (Fig. 136.) 

If the arm be fixed, and a makes one turn, the wheel o 
will also turn once in the same direction. But if the arm 

revolve round a fixed, 
the wheel o will ap- 
parently run round 
just as it did upon 
the last supposition, 
and yet at the end of 



Fig. 136. 
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a revolution of the arm, c will be found not to have turned 
at all. 

The explanation is that the fixed train gives the absolute 
motion of c due to its connection with a, whereas the 
epicjclic train exhibits the relative motion of c with regard 
to A. 

The same thing is true with respect to b, which acquires 
the rotation of the arm as well as the rotation due to a, and 
makes two revolutions while the arm goes round once. 

In a train with fixed axes the wheels a and b turn in 
opposite directions, and their relative motion is the sum of 
their apparent motions; so therefore we conclude that b 
exhibits in an epicyclic train the rotation which it would 
have had relatively to A in a fixed train. 

This fact was made use of bj Watt, in the construction 
of the sun and planet wheels, described in Art 104. 

In the adjoined figure (Fig. 137.) we suppose the arm to 
revolve through an Z of 45° ; it will be seen that b has 

Fig. 137. 




moved through a right angle while has not turned at all, 
111. Equation clocks afford a further illustration of the 

use of epicjclic trains. 
In these nearly obsolete pieces of mechanism the minute 

hand points to true solar time, and its motion therefore 
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Fig. 188. 




consists of the equable motion of the ordinary minute hand 
plus or minus the equation or difference between true and 
mean solar time. 

In these clocks (Fig. 138.) the hand pointing to true solar 
time is fixed to the bevil wheel. 

The wheel A moyes as 
A the minute hand of an or- 
dinary clock; the interme- 
diate wheel B is fixed to a 
swinging arm e b, as in 
case 3, and the position of 
will be in advance of that 
of A when e b is moved a 
little in the same direction, 
and behind that of A when 
E b is moved in the oppo- 
site direction. 

Thus as goes round during each hour of the day, the 
hand attached to it may be a few minutes before or behind 
another showing mean time, and deriving its motion at once 
from A. 

The required motion of e b is obtained from a cam plate, 
Q, curved as in the Figure, and attached to a wheel which 
revolves once in a year. 

112. The Parallel Motion used in steam-engines was the 
invention of the illustrious James Watt, and was announced 
in the specification of the patent which he obtained in the 
year 1784. 

We quote the description of this invention in Watt's own 
words. 

" My second new improvement on the steam-engines con- 
sists in methods of directing the piston rods, the pump rods, 
and other parts of these engines, so as to move in perpen- 
dicular or other straight or right lines, without using the 
great chains and arches commonly fixed to the working 
beams of the engines for that purpose, and so as to enable 
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the engine to act on the working beams or great levers both 
by pushing and by drawing, or both, in the ascent and 
descent of their pistons. I execute this on three principles. 
« « « # "Plj^ third principle on which I derive a per- 
pendicular or right lined motion from a circular or angular 
niotion, consists in forming certain combinations of levers 
moving upon centres, wherein the deviations from straight 
lines of the moving end of some of these levers are compen- 
sated by similar deviations, but in opposite directions, of 
one end of other levers." 

The annexed sketch in Figure 139 is copied from the 
original drawing. 



Fig. 139. 



_fi_a 




A B is the working beam of the engine, p q the piston rod 
or pump rod attached at p to the rod b d, which connects 
A B and another bar, o i>, moveable about a centre at c. 

'* When the working beam is put in motion the point b 
describes an arc on the centre a, and the point d describes 
an arc on the centre c, and the convexities of these arcs, 
lying in opposite directions, compensate for each other's 
variation from a straight line, so that the joint p, at the top 
of the piston rod, or pump rod, which lies between these 
convexities, ascends and descends in a perpendicular or 
straight line." 

113. This invention being clearly an example of aggre** 
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Fig. 140. 



gate motion, we proceed now to discuss it in a careful man- 
ner, and to examine its peculiar features. 

In Figure 140. A b and o d 
are supposed to represent 
two rods moYcable about 
centres at A and c, and con- 
nected by a link, bd. If 
B p be moved into every 
position which it can as- 
sume, the path of any point 
p in B D will be a sort of 
figure of eight, of which two portions, a b^ c d, are nearly 
straight lines. 

114. At the b^inning of the motion let the rods (Fig. 
Fi«- 141 141.) be so placed that 

^t t the Z." at B and d shall 

be right angles. 

We shall now endea- 
vour to discover that 
•^ point in B D which most 




Fig. 142. 



nearly describes a straight line, and in doing so, we first 
remark that b d begins to shift in the direction of its 
length, and therefore that the straight line in question 
coincides with B d. 

Suppose the rods to be 
moved into the position 
xbdc Bs shown in Figure 
142. Draw b m, d n ±^ 
to A B and D respectively, 
and let p be the required 
point ; also let 

AB = a bp = x BA& = 
, CJ> = b vd=^y T)cd=^ 

We shall further suppose 
that the motion of a b and 
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c D is restricted within narrow limits, and shall deal ap- 
proximately with our equations, by putting 

sm -r = -X and sm -^ ^ J 
2 2 2 2 

then i^ = ^ == ^ ^ — g (1 — cos 0) 
y rfp i> » ft (1 — cos 0) 

a 2 sin« A 
2 



ft 2 sin2 1 

But the link only turns through a very small angle, which 

may be considered to be nothing as a first approximation, 

in which case the vertical motion of b is equal to that of d, 

or b m =z d n 
a sin = ft sin ^ 

whence a = b <l> nearly. 



. X 




a 


ft2 


ft 




^^RMB 


-7 X 






• • •^^ 


^MMB 




■■^ 


y 


or 


ft 

ftp 
Fd 


C D 
A B 


a 



i,e, the point p divides b d into two parts which are in-* 
versely as the length of the nearest radius rods. 



115. If the radius rods be ar- 
ranged on the same side of the link, 
the point p will lie in D B produced. 
(Fig. 143.) 

Suppose the rods to be moved 
into the position Afte?o, and draw 
bp, d q ±.^ B D and b d produced 
respectively. 

dp d q ft (1 — cos ^) 
a 62 



Fig. 143. 



ftf>^ 




H 2 
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Also a = & ^ as before, 

ap b a^ a 

a proportion which determines the position of p. 

116. We have supposed that sin = and sin ^ = ^ in 
the previous investigation ; it is worth a little enquiry to 
ascertain how far we may proceed upon this supposition 
without introducing any sensible error. 

Referring to the tables, we find that the circular measures 
of angles of 1, 5, 10, 15, 20 degrees, and the natural sines 
of the same angles are the following : — 



Angle. 


Circular Meai. 


Natural Sine. 


Difference. 


lO 


•0174533 


•0174524 


•0000009 


5° 


•0872665 


•0871557 


•0000108 


10° 


•1745329 


•1736482 


•0008847 


15<^ 


•2617994 


•2588190 


•0029804 


20® 


•3490659 


•3420201 


•0070458 



In practice the beam of an engine seldom describes an 
angle of more than 20° on each side of the horizontal line, 
and within that limit the error consequent upon our assump- 
tion would not be considerable. 

The investigation just concluded gives the point p, which 
most nearly describes a straight line, and we may now en- 
quire how much p really deviates from the rectilinear path 
at any given period of its motion. 

117. In an engine of the usual construction a b is equal 
to c D, and we shall simplify our results by making this 
supposition. 

Let B D move into the position b d^ and turn through an 
angle, a ; it is very apparent that within the limits to which 
the rods move in practice, a will be much less than or 0, 
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SO that we may regard a as a close approximation to the 
actual values of sin a even when we do not adopt the same 
supposition with regard to 6 and <p. 

The object of the investigation will be to determine in 
terms of By and we shall see that the deviation sought for 
depends upon the difference of the cosines of ^ and 0. 

As before, observing tiiat A = a we havB rig- w^. 
(Fig. 144.) 

B m = a {I — cos 6) 
m b = a sin 
d n =r a {I — cos ^) 

D 7t = a sin ^ « — ^^ 

Let B D = ^ then I + m b =z I cos a 4- d n 
or Z + a sin = / cos a -f- a sin 9 
.*. a sin ^ = a sin -f- / (1 — cos a) (1) 
Now a being the angle through which b D is twisted, and 
being moreover very small, we shall have 
la=zBm + dn very nearly 

= a (1 — cos 0) + a (1 — cos 0) 

= 2 a (1 —cos 6) since is nearly equal to 6 

2 a 
.*. a= —-(1 —cos 0) very approximately. 

By substituting in equation (1) we can calculate ^ with 
considerable accuracy, and then the deviation of p from 
the vertical line will = d n — b m 

= ^ (cos — cos 0) 

and can therefore be ascertained. 

Ex. Let = 20, and assume a = & = 50 inches, /=30 in. 

a =^(0603074) 



• • 



= 3^ (-0603074) 

= -2010247 
or a represents the angle of 11° ZW 

H 3 
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Substituting in equation (1) we have 

Bin ^ = sin 20 + - (1 - cos 11° Sl^ 

5 

= -3420201 + i (-0201333) 

o 

= -3541001 
.•. ^ = 20° 44' nearly. 
The deviation of p from the vertical 

= ^ (cos 20° - cos 20° 44') 
2 ^ ^ 

=3 25 (-0044544) 

= x\jth of an inch approximately. 

It may be shown that this amount of deviation is again 
capable of reduction if we cause the centres of motion, a 
and c, to approach each other by shifting them horizontally 
through small spaces. 

118. The point p, whose motion has been examined, is 
usually found at the end of the air-pump rod. We have 
now to obtain a second point, also describing a straight line, 
and suitable for attachment to the end of the piston rod. 

A species of jointed parallelogram enables us to effect this 
object upon the following principle : — 

Two curves are said to be similar when two radii can 
be drawn from two points similarly situated, such that if 
any two other radii be drawn equally inclined to the former, 
the four are proportional. 

Fig. 145. Ex. Thus all parabolas are 

similar curves, and all ellipses 
with the same eccentricity are 
similar curves. 

Let A, A', (Fig. 145.) be the 
vertices, s, s', the foci of two 
parabolas. 
Then s a, s' a' are two lines drawn from two points 
similarly situated. 
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Let s p, s' p' be radii inclined at the same L 6 to s a, s' a' 



respectively. 



Then s p = 



s'p' = 



2 s A 



1 + cos 

2 8' A' 



• » 



1 -f COS 
S_P__ 8 A 



whence the curves are similar. 

Again if s be the focus, o the centre of an ellipse, 

the eccentricity = — 

Suppose the curves to represent ellipses of eccentricity 
e and e' respectively. 

... sP=?AiL±A 

1 + c cos 

1 H- c' cos Q 
Let c = c' 

Then _-__= _ — -or the curves are similar. 
s' p' s' a' 

119. The subjoined contrivance enables us to draw a 
curve similar to any given curve. 

Let B Q B represent a jointed parallelogram of which the 
sides B c, B Q are produced to convenient lengths; make 
any point s in b c s a centre f*«- *46. 

of motion, and it will be 
found that by turning the 
frame round s, and at the same 
time opening or closing in 
some degree the angle q b c, a 
point p in b Q produced may 
be made to follow the path 
of any given curve upon the 
plane of the paper. 

Join 8 p, cutting c R in p', a 
then the point p' will trace out a curve similar to the path 
of p. For suppose b and c (Fig. 146.) to have originallj 

H 4 
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coincided with a and a', so that s a' a is a fixed line 
upon the paper. 

Then ?Z = L? 
s p so 

But SC = SA', SB=SA 
SP _ 8 A 
SP' "" 8A? 

and the Z. a s p = the Z. a' s p' 
/• the points p and p^ trace out similar curves. 

If, therefore, p' describe a straight line, the point p will do 
the same. 

This arrangement, which is technically known as a Pan- 
tograph, enables us to complete the problem of the parallel 
motion. 

120. To the system, a b c d, (Fig. 147.) is superadded 
the parallelogram b f d £ ; a b f being the working beam 
of the engine. 

Fig. 147. 



B 




The point e lies in a p produced, and is the point of 
attachment of the end of the piston rod. 

Let AB = a, CD = 6, BF = X 
X DP 

Then — = — by similar A^ a b p, d p e 
a PB -^ ' 

But^=^=| 

PB CD 

, X a a^ 

/. - = - or a? = -=— 

a 

which equation determines the proportion between a b, c d, 
and B F, in order that the second point sought for may lie 
at the vertex e of the givep parallelogram. 
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121. Where a beam engine is used in a steam vessel the 
beam must be kept as low down as possible, and the motion 
is altered as in the figure, but it is precisely the same in 
principle. 

Let A B = a, c p = 6, D E = c, B D = /, r p' = a?, where 
p' is the point whose path is similar to that of p, and c d £ is 
the beam of the engine. Draw G h || to f e, 

H D __ G B __ B P Fig. 148. 

cd""cd""pb v* 

BP CD 



Then 
But 



PD AB 

■" b 



• • 



Also 



H D __ ft 

T " a 

FP' 
F £ 



= — or H D = 



F P' 
HG 



• • 



X __ DE — H D 
r "" H D + CD 



a 

EH 
C H 

c — — 
a 

a 





ac —' l/^ 
b {a -\- b) 



Fig. 149. 



• • a? = -7- • . which gives a?. 

122. Another form of parallel motion was devised for 
marine engines before the principle of direct action was so 
generally adopted. It was fitted to the engines. of the 
" Gorgon " by Mr. Seaward, and 
has since been applied to small 
stationary engines. 

It is a modification of a simple 
geometrical fact. 

Let the rod a b (Fig. 149.) be 
bisected in c, and jointed at that 
point to another rod, c d, which 
is equal in length to a c. Sup- \ 
pose the point d to be fixed, and 
that the end, a, of the rod a b . 







106 



ELEMEKTB OF MECHANISM. 



describes a straight line pointing to d, then b will also 
describe a straight line pointing to d. 

This is evident from the fact that c is always in the centre 
of a circle passing through a, d^ and b, and of which ace 
is the diameter. 

123. The system of rods t s, h p, p q, exhibits the parallel 
motion of the '' Gorgon " engines. 

T and Q (Fig. 150.) are the centres of motion, and h 
is the point which most nearly describes a straight line 

Fig. 150. 




H K ; draw SR,sv_L''toTP and h k respectively. 

Let TS=0, SH = 6, SP=C, STR = 0, SPR = 

Then t b = a cos 6 = a [ 1 — 2 sin^ -) = afl 

nearly, 

QY = b cos ^ = b fl — ^ j nearly, 

* a 6^ . b 0'^ 
.% TK=a- ft- -^+_|_ 

But the point h describes the straight line h k. 

.*. T K = a — ft 



0. 



2 



= or a 0» = ft 08 



But^=iii5Li = lnearly, 
c sin ^ 



a 



a" 



• • 



.% €?2=: aft, 
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orT8:sp:: 3r:BH,a condition which must he falfilled 
by the roda giving the parallel motion. 

124. A Parallel Motion may be useful in miscellaneous 
machinery. 

lu the old process of multiplying engraved steel plates at 
the Bank of England, it was necessary to roll a hardened 
steel roller upon a flat plate with a very heavy pressure. 
The difficulty of maintaining this pressure during the 
motion of the roller upon the plate was overcome by 
the aid of the parallel motion indicated in the figure. 
(Fig. 151.) 

The system of jointed bars allowed the heavy frame c to 




traverse laterally, while the necessary pressure was obtained 
by a pull upon the end of the lever A b. 

I2fi. A further illustration of aggregate motion occurs in 
machinery for drilling and boring. 

In a drilling machine the spindle which carries the cutting 
tool revolves rapidly, and at the same time advances slowly 
in the direction of its length. 

The movement is obtained upon a very obvions principle. 



ro8 
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Suppose a nut, n (Fig. 152.) to be placed upon a screw 
bolt, F G, and to be so held in a ring or collar that 

it can rotate freely without 
being capable of any other 
motion. 

If the nut be fixed, and f g 
be turned in the direction of 
the arrow, it is clear that the 
bolt must advance through 
the nut ; if, again, the screw 
be prevented from turning, 
and the nut be made to rotate in the same direction as be- 
fore, the bolt will come back again. And, finally, if by any 
contrivance different amounts of rotation be impressed at 
the same time upon the nut and the screw, the bolt will re- 
ceive the two longitudinal movements simultaneously, and 
the aggregate motion will be the sum or difference of its 
component parts. 

126. Suppose the wheels d and c to be attached to the 

bolt and nut respec- 
tively, and to be driven 
by the pinions a and b, 
and let a, b, c, d re- 
present the numbers 
of teeth upon the re- 
spective wheels. 

If (a) be the number 
of rotations made by 
A or B during (m) rota- 
tions of c and (n) of d, 

A 



Fig. 153. 



B 




, m B 

we have - = - 

a c 



n 
a 



Therefore (a) rotations of A will cause a travel of the bolt 
F G through (m ^n) X pitch of the screw 

= a{^ ] X pitch of the screw. 



DRnXINO MACHINES. 



109 



127. A Drilling Machine by Mr. Bodmer, of Manchester, 
affords a good example of the principle under discussion. 

The drill spindle (Fig, 154.) has a screw thread traced 
upon it ; a groove is cut longitudinally along the spindle, and 



Fig. 154. 




a projection upon the interior of 
the boss of the wheel d fits accu- 
rately into the groove. 

Thus the spindle can tra* 
verse through the wheel d, 
although the spindle and wheel 
must turn together. 

A nut, H, in the form of a pipe, 
and having a wheel, c, at the 
bottom of it, receives the spindle ; 
this wheel and pipe are shown 
separately in section. 

If a pinion, a, turning in the 
direction shown by the arrow, 
engage the wheel d, it will screw 
the spindle rapidly through the 
nut H, and bring it down towards the work. 

Suppose a second pinion b (Fig. 155.) turning in the same 
direction as ▲ to act upon c, it will Fig. i55. , 

move the nut instead of the screw, 
and the drill spindle will rise ra- 
pidly. 

Thus far we have provided for 
bringing the spindle down to its 
work, and for raising it up again ; 
it remains to apply the principle of 
aggregate motion, to cause the drill 
spindle to become the recipient of 
these two movements in a nearly equal degree, and thereby 
to ensure the slow descent accompanied by a rapid rota- 
tion, which is required in process of drilling. 

The result of the combination is shown in the next 
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diagram, where the wheels A and b sre moved farther ; 
the wheel a. tends to depreea the spindle, the wheel b tends 
to raise it, and the spindle de- 
scends hj the difference of these 
two motions having further the 
motion of rotation given hj the 
wheel A. (Fig. 156.) 

The motiona of a and b are 
obtained from the driving pul- 
leys I, H, and L. 

I is an idle pullej; x drives a 
and I. drives b. When the strap 
is on M the drill descends to the 
work ; when the strap is on I. it 
ascends from tlie work, and when 
the strap is partly on n and partly 
on L the drilling proceeds. 
128. Mr. Whitworth's Friction Drilling Machine is an 
elegant application of the principle nnder discussion. 

Fig ,„_ A D (F'g- 157.) is the drill spindle, 

driven in the usual manner by the 
bevil wheel b. 

E and F are two worm wheels 
embracing the screwed portion of the 
spindle upon opposite sides. 

If E and F be prevented from tam- 
ing, they will form a nut through 
which the spindle will screw itself 
rapidly. 

If £ and F be allowed to turn quite 
freely, the drill spindle will set them 
in motion, and the nut will be vir- 
tually eliminated. The drill spin- 
dle may then be regarded as the re- 
cipient of iwo equal and opposite 
motions ; it is depressed by screwing 
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through a nut, it is elevated bj the turning of the 
wheels. 

If the rotation of the wheels be in any degree checked 
bj the application of friction, the equality is destroyed, 
and the drill spindle descends to a corresponding extent. 

A friction brake, regulated by a screw, restrains the 
motion of e and f, and gives a perfect command over the 
working of the machine. 

When B is at rest the worm wheels act upon the spindle 
as a pinion does upon a rack, and the drill can be rapidly 
brought down to the work. 

129. A Boring Machine would be employed to give an 
accurately cylindrical form to the interior surface of a steam 
cylinder. 

In the annexed example the boring cutters are attached 
to a frame which rides upon a massive cast-iron shaft 
or boring bar, and rotates with it ; Fig. iss. 

this frame is further the recipient of 
a slow longitudinal movement given 
by a screw. 

An annular wheel, A, (Fig. 158.), 
shaped as in the figure, rides loose 
upon the bar, and drives a pinion, 
p, at the end of the feeding screw 
which advances the cutters, the 
boring bar being recessed in order to receive the screw. 

It is quite apparent that as long as the rotation of the 
wheel A is identical with that of the boring bar, the pinion 
p will not turn at all ; and further that a slow motion will 
be impressed upon p, if the rotation of A is made to lag a 
little behind that of the bar. 

A wheel, b, is keyed to the bar, and a small shaft at the 
side carries the wheels c and d, and thus motion is imparted 
to A, and thence to the feeding screw. Let the numbers of 
teeth on B, c, D be 64, 36, 35, and let the wheel h have 64 
teeth, both upon the outside and the inside of its circum- 





through 
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ference, the pitch of the screw being | an inch, and the 
number of teeth upon the pinion being 16. (Fig. 159.) 
Here « = °-^i-5 



_35 
36 
t. e. A. loses ^th of a 
roTolntion for cTerjr 
complete rot&tion of 
the boring bar. 
At the same time 
the pinion f moves 
revolution, and the cutter ad- 
vances through ^ X ^ an inch or through -^th of an inch. 
130. In some printing machines the table is driven by a 
crank and connecting rod, and the length of its path ma; he 
doubled upon the principle under discussion, 

A wheel rolling upon a plane is a case of aggregate 
motion ; the centre of the wheel mores parallel to the plan^ 
the wheel itself revolves about its centre, and these two 
simple motions give the aggregate result of rolling. 

Let a wheel, Q, (Fig. 160.) be attached to the end of the 

connecting rod p Q, ao that it can turn freely on its centre, q. 

^, ,^ Let the wheel 

revolve between 

two racks, A and 

B, whereof a ia 

fixed to the 

framework of the 

machine, and b 

is attached to the 

table. 

The rack b receives the motion of Q in its twofold 
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character, and moves through exactly twice the space that 
it would describe if connected eimply with the point Q. 
The Bize of the wheel makes no difference in the resnlt. 
131. fVatft Indicator is an instrument used to ascertain 
the actual horse power of a working eteam^engine. The 
principle upon which it is conBtnicted is the following: — 

A pencil oBcillates through the space of a. few inches in a 
straight line, with a velocity which always bears a fixed 
ratio to that of the piston, and at the same time is the subject 
of a second motion at right angles to the former, which occurs 
whenever the pressure of the steam upon one and the same 
f'b'si- side erf the piston becomes greater or less 

than that of tlie atmosphere. 

Under the influence of these independent 
motions the aggregate path of the pencil will 
fj ^ be a curve which is capable of interpreta- 

tion, aAd which affords a wonderful insight 
into the working of the engine. 

The indicator consists of a small cylinder 
A, fitted with a steam-tight piston, a j the 
piston rod, b d. is attached to a spiral steel 
^ spring, which is capable of extension and 
compression within definite limits, and is 
enclosed in the upper port of a tube which 
carries the cylinder a* 

The pencil is attached to a 

^ ^» point in the rod b d, (Fig. 

I f QJ I 161.) and traces the indicator 

\V^^^^t?^ diagram upon a piece of paper 

^■wrapped round a second 

cylinder by the side of the 

first. 

The cylinder, a, is freely 
open to the atmosphere at 
the top, and a stop-cock 
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admits the steam when required. The indicator is usually 
fixed upon the cover at one end of the steam cylinder of 
the engine. When the stop-cock is opened and the lower 
side of B is in free communication with the interior of 
the cylinder, the pressure of the steam will be usually 
greater or less than that of the atmosphere ; if it be greater, 
B will rise against the pressure of the spring, and if it be 
less, the pressure of the atmosphere upon the upper surface 
of B will overcome the spring and cause the pencil to 
descend. 

At the same time the cylinder which carries the paper is 
made to turn with a motion derived at once from that of the 
piston in the engine, but much less in degree, and thus a 
curve somewhat similar to that shown in figure 162 will be 
described. 

Fig I6S. 



1 




We are now in a position to trace and measure the exact 
pressure of the steam or vapour upon one side of the piston 
during a complete stroke up and down the cylinder ; by a 
similar process we can determine the pressure upon the 
opposite side of the piston, and thus we can estimate 
accurately the mean pressure of the steam during a stroke, 
and by consequence the work done by the engine. 

The horse power is obtained by multiplying this mean 
pressure in pounds into the number of feet traversed by the 
piston in one minute and dividing by 33,000, the number of 
pounds that a horse can raise through one foot in one 
minute. 
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132. The oval chuck gives another example of aggregate 
motion. It is based upon the following property of an oval 
or ellipse : — 

Let A c a', B b' (Fig. 163.) represent two grooves at right 
angles to each other, and 
traced upon a plane sur- 
face ; p D E, a rod furnish- 
ed with pins at D and E : 
if this rod be moved into 
every possible position 
which it can assume 
while the pins remain in 
the groove, the point p 
will describe an ellipse. 

Draw p N J.' to A c and p m J."" to c H 
Let CN = ar, PE = a 
PN = y, PD = ^ 

E. = L? — ?-? 

b P D "" P B 




Then f = L^ 



a 



p E 



•' ^ "*■ 6^ ■" pe2 "" 

which is the equation to an ellipse. 

133. In drawing an ellipse we should fix the paper and 
move the rod over it, but in turning an ellipse in a lathe we 
should fix the describing tool and move the piece of wood 
or metal underneath it ; thus the conditions of the problem 
become changed, and the construe* 
tion is modified accordingly. 

An equivalent for the grooves 
A a', b c b' may be found as fol- 
lows: 

Describe a circle about e of 
radius larger than e d, (Fig. 164.) 
and let two parallel bars q b, s t 
be connected by a perpendicular 

12 



p » 
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link H K equal in length to the diameter of the circle, and 
thus form a rigid frame embracing the circle, and capable 
of moving round it. 

As the frame moves round the circle let h k pass through 
P, jgj D in every position as represented 

in Fig. 165 ; draw d c // toQ R, and 
X c / to H K, then it is not difficult 
to understand that the triangle 
D c B in Fig. 165, is exactly the 
same as the triangle p c e in 
Fig. 163, and that as we formerly 
moved the bar e p over a plane 
and described an ellipse, so now 
we have the same motion with a 
£xed bar and a moveable plane, and 
obtain precisely the same curve. 

This is a very good example of aggregate motion. The 
plane upon which the ellipse is traced is the subject of two 
simultaneous movements ; a line, h k, in the plane is made 
to revolve by the one round d as a centre, and by the other 
the same line receives a sliding motion in alternate direc* 
tions through d. 

Thus an oval may be turned in the lathe. 

134. The governor of a steam-engine usually appears 
under the form invented by Watt, and has proved of the 
greatest possible value in steam machinery. 

The annexed diagram (Fig. 166.) shows the construction 
of this appendage to an engine, and the principle of its 
action is briefly the folio wing •; — 

The engine imparts rotation to the balls of a heavy conical 
pendulum, and maintains them at a certain inclination to 
the vertical ; if the velocity of the engine be increased, the 
balls open out more widely; if it be diminished, they collapse, 
ftnd in doing so they move the end, A, of a system of levers 
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which is connected with a throttle valve, and thereby regu- 
late the supply of steam to the cylinder* 



Fig. 166. 




An engineer can easily arrange that the variation in speed 
admitted by the governor shall not exceed one-tenth of the 
mean velocity, but it is of the essence of the invention that 
some change in the speed should be admissible : the balls 
cannot alter their position unless the time of a revolution 
changes, and they cannot accumulate such additional mo- 
mentum as may be sufficient to move the valve until the 
rate of the engine has sensibly altered. 

In some cases, as where the engine drives machinery for 
very fine spinning, it may be desirable to obtain an almost 
absolute uniformity of motion ; or, again, it may be an object 

18 
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to avoid tbe fluctuations in speed to which the common 
gOYemor is liable when any sudden change occurs in the 
load upon the engine. 

In order to control the engine with almost theoretical 



Fig. ie7. 



A' 



^^^^ 





exactness, and to provide 
against the objections to 
which Watt's governor 
is exposed in certain ex- 
treme cases, Mr. Siemens 
has put forward a re- 
markable adaptation of 
epicjclic trains to the 
conical pendulum ; and 
we shall conclude the 
present chapter with an 
examination of his in- 
vention. 
The original construction of this governor is exhibited in 
the diagram, (Fig. 167.) and is better suited to the purpose 
of explanation than a more recent arrangement. 

An epicyclic train of three equal wheels, a, b, c, imparts 

motion to the conical pendulum ; of these, a is driven by 

the engine, and b is capable of running round a and c to a 

' small extent defined by stops, the joints at p and b being 

so constructed as to permit of such a motion. 
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The wheel b (Fig. 167.) is also connected by the system 
of levers to a weight, k, and shuts the steam valve when 
its motion has lifted k through a certain space. ' 

The valve spindle passes through the centre of motion, e, 
and is turned by the arm f e. 

A conical pendulum, d p, is suspended by a ball and 
socket joint at s, and the extremity p moves in a circular 
groove, D H. 

A certain amount of maintaining force is absorbed in pre« 
serving this pendulum at a constant angle with the vertical, 
and it is a part of the contrivance to increase artificially 
the friction which opposes the motion of the pendulum, and 
thus finally to make the pressure exerted by the weight, K, 
an actual measure of the amount of such maintaining force. 

The governor is at work when the velocity of the engine 
suffices to keep k raised through a small space. 

In order to understand the peculiar action introduced by 
the epicyclic train, we should remember that one of these 
two things will happen : either a and c will turn at the same 
rate, or else b will shift its position and run round the axis 
A H ; there can be no departure from the rigid exactness of 
this statement. 

Now the wheel c is connected with the pendulum, and its 
rotation cannot be m&|.intained without a constant expendi- 
ture of force ; in other words, the tendency of c is to lag 
behind a, and to cause b to run round the axis a h. 

This indisposition in c to accept the full velocity of A is 
artificially increased by the friction until b shifts its posi- 
tion and raises the weight k permanently, and then of course 
it follows that the pull of k evidences itself as a constant 
pressure tending to drive the wheel c. 

The pendulum being in this manner retained in perma- 
nent rotation, suppose that any increase were to occur in 
the velocity of a, the wheel c is in connection with a heavy 
revolving body, and can only change its velocity gradually, 
but K is already lifted, in the sense of being counterpoisedi 

J4 
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and the smallest increase of lifting power can therefore 
raise it higher ^ thus the tendency to an increase in the 
velocity of a will at once cause b to change its position, and 
will control the steam valve* 

So sensitive is this form of governor to fluctuations in 
speed that an alteration of ^th of a revolution may suffice 
to close the throttle valve altogether. The power to move 
the valve spindle is also very great, and offers a remarkable 
contrast to that exerted in other arrangements* 

In the method now adopted at Greenwich for registering 
the times of transit of the stars bj completing a galvanic 
circuit at the instant of observation, a drum carrying a sheet 
of paper is made to revolve once in two minutes. A pricker 
actuated by an electro-magnet, and moving slowly in a lateral 
direction, is set in motion at the end of each beat of the 
seconds* pendulum of a clock, and thereby makes a succes- 
sion of punctures in a spiral thread running round the drum. 
The observer touches a spring at the estimated instant of 
the time of transit of a star across a wire of the telescope, 
and producing a puncture intermediate to those caused by 
the pendulum, does in fact record the exact period of the 
observation. The regularity of motion in the drum is a 
matter of vital importance, and is ensured by the employ- 
ment of a clock train moving under the control of this pen- 
dulum of Mr* Siemens. 
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CHAP. VI, 

MISCELLANEOUS CONTBIYANCES. 

We propose to examine in our conclading chapter various 
miscellaneous pieces of mechanism, and certain special con- 
trivances which are of frequent occurrence in machinery, 
and with which a student of applied mechanics ought to 
render himself familiar. 

135. The Fusee is adopted in chronometers, and in most 
English watches, in order to maintain a uniform force upon 
the train of wheels, and to compensate for the decreasing 
power of the spring. 

The spring is enclosed in a cylindrical barrel, and sets 
the wheels in motion by the aid of a chain wound partly 
upon the barrel and partly upon a sort of tapering drum 
called a fusee. (Fig. 169.) 

As the spring uncoils in the barrel the pull of the chain 
decreases in intensity ; at the same time, however, the chain 

Fig. i69« 




unwinds itself from the fusee, and continually exerts its 
strain at a greater distance from the axis, t.e. with a greater 
leverage, and with more effect. 

The theoretical form of the fusee is an hyperbola. , 




\ 



122 ELEMENTS OF MEOHANISM. 

Let D p B (Fig. 170.) represent the generating carve 
of a fusee, e a being its axis. 

Draw D E, p N, B ▲ perpendiculars on 
E A ; take E B, Q n, s A to represent the 
pull of the spring when the chain is 
at D, p, B respectivelj. 

According to Hooke'sLaw, "ut tensio 
sic vis," the force of the spring de- 
creases uniformly, and •% r Q s is a 
straight line ; produce it to meet £ a in 
\| c, and let c N = 0?, N p = y. Now the 

fusee will accomplish its object if (the 
pull of the spring) x (arm n p) remains constant for every 
position of p. 

But the pull of the spring aQNacNor=:ma; 
/, (m x) (arm n p) = a constant quantity 
or m x y = a constant, or a; y = a constant, which is the 
equation to an hyperbola. 

136. In mechanism the fusee is frequently employed to 
transmit motion instead of to equalise force, and enables the 
mechanic to derive a continually increasing or decreasing 
circular motion from the uniform continuous rotation of a 
driving shaft. 

The groove of the fusee may be traced upon a cone or 
other tapering surface, or it may be compressed into a flat 
spiral curve : in all cases the effect produced will be that 
due to a succession of arms which radiate in perpendicular 
directions from a &!ced axis, and continually increase or 
decrease in length. 

The fusee can of course only make a limit^sd number of 
turns in one direction. 

137. A Flat Spiral Fusee occurs in spinning machinery, 
and serves to regulate the velocity of the spindles, and to 
ensure the due winding of the thread in a succession of 
conical layers upon a bobbin or ** copJ^ 
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The formation of the cop is a problem upon which a 
vast amount of mechanical ingenailjr has been ex- 
pended ; and, without entering too munh into details, we 
may observe that there are two distinct stages in the 
process of winding the yarn upon a spindle so as to pro- 
duce a finished cop. 

The CopboUom (Fig. 171.) is first "»■ "> fi» m. 

formed upon a bare spindle bj si 
posing a series of conical layers of i 
continuallj increasing vertical angle. 

The body of the cop is then built 
up by winding the yarn in a series 
of equal conical layers. (Fig. 172-) 

The winding on of the yam begins 
at the base of the cone, and proceeds 
upwards to the vertex: the spindles 
are driven by a drum which rotates 
under the pull of a chain, and it Is evi- 
dent that they can be made to revolve 
with increasing rapidity by placing 
a fnsee upon the driving shaft and 
causing the chain to coil upon it. 

Such an arrange- 
ment, as shown in 
Fig. 173, will be 
adapted to the wind- 
ing of a uniform 
supply of thread 
upon a conical sur- 
face i and we can 
easily comprehend 
that a fusee of fixed 
dimensions will do 
very well for build- 
ing up the body of 
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the cop after the foandation is made. The main dIfficuUjr oc- 
curs in producing the cop bottom, where the series of conical 
lasers of continnallj increasing vertical angle demands a 
fusee whose dimensions shall gradually contract. 

The method of contracting the form of the fusee may be 
ezpliuned as follows:^ 

Fig. 174. represents portions of two flat discs having axes 
at A. and B, and upon which are cut radial and curved 
grooves in the manner indicated ; it being arranged that 
when one plate is placed upon the other the pins p and 
Q shall travel in both sets of grooves at the same time. 




We can easily see that the blocks which carry the pins 
will move along the radial grooves as the disc b turns re- 
latively to A, and that by this combination we can obtain a 
spiral fusee of any required form, and can contract or en- 
large its dimensions at pleasure. 

138. Mr. Robert^ " minding-on motion " reposes upon the 
principle of the fusee, though in a modified form. 

Let one end of a rope which is coiled round a drum be 
attached to a point, P, (Fig. 174.) in the moveable arm 



WINDINGhON MOTIONS 



Cf 



125 



Fig. 176, 



c p : it is evident that the rotation of c p about the centre 
c will cause some por- 
tion of the rope to be 
unwound from the bar* 
rel. 

Draw c s J.'^ to the 
direction of the rope, 
then at any instant of 
the motion the ar- 
rangement supplies the 
jointed rods, c p, Q b, 
mentioned in Art. 62, 
and it is manifest that 
the rate at which the string is unwound will vary as the 
perpendicular c s. 

This rate is greatest when c p is J."^ to pq, but decreases 
to nothing when o s vanishes, and here, therefore, the fusee 
exists in a latent form. 

Next conceive that the conditions are changed, and that 
the drum b moves to the right hand through a moderate 
space while c p remains fixed (Fig. 176.); the cord will 
unwind from the drum with a nearly uniform velocity. 




Fig. ire. 
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If, finally, the arm c p be not fixed, but be made to move 
from a position a little to the left of the vertical into one 
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nearlj horizontal during each journey of the drum, it is 
abundantly clear that we shall subtract from the uniform 
motion of unwinding that amount which is due to the action 
of a fusee, and that if the spindles derive their motion 
from the rotation of the drum they will continually acceler- 
ate as the drum recedes from c p. In this way we can 
make up the body of the cop. To form the cop bottom it is 
necessary that the winding on should begin more rapidly, and 
should gradually diminish ; tliis character of motion is pro- 
duced by causing the nut p to traverse c d in successive steps 
during each journey of the drum. As soon as the cop has 
attained its full diameter, the nut ceases to travel along c d, 
and the thread is wound in uniform conical layers. 

139. If two cords be wound in opposite directions round 
a drum A, (Fig. 176.) and the ends of the cords be fastened 
to a moveable carriage, it is evident that the rotation of A 
in alternate directions will cause a reciprocating movement 
in the carriage. 

Fig. 176. 





The drum A, (Fig. 178.) has been replaced by a spiral 
fusee in the self-acting mule of Mr. Roberts, and thus the 
motion of the carriage is gradually increased till it has 
reached the middle of its path, and then decreases to the 
end of the movement. 

140. A helical screw of a varying pitch traced upon a 
cylinder would produce a similar variable motion of the 
mule carriage, and has been applied in a machine constructed 
upon a different principle, in order to obtain a continually 
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; motion of the carriage. In e£Pect it replaces the 





141. The snail is chieflj found in the striking part of 
repeating clocka. It ia a epeciea of fusee, and is used to 
define the amount of angular deviation of a lever a b (Fig, 
179.) 

A circle is divided into a ^<* '^J ^ 

number of equal parts, 12 
for example, and a series of 
steps are formed bj cutting 
away the plate and leaving 
a circular boundary in each 
position, 

Aa the snail revolves, B d 
passes by jerks inio twelve 
different positions, and performs the function required of it. 

142. The due and roller is equivalent to the fupee, and 
is now hat little used on account of the probability that the 
roller will occasionalty slip. Fig. iw. 

This arrangement consists of a 
disc A, (Fig- 180.) revolving round 
an axis J.' to its plane and giving 
motion to a rolling plate b, fixed 
npon an axis which intersects at 
right angles the axis of the disc a. 

Supposing the rotation of the disc 
to be uniform, that of the roller b will continually decrease 
as it is shifted towards the centre of a, and conversely. 

This is.precisely the effect produced by a fusee. 
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F*«- »«»• The roller may be a wheel 

furnished with teeth, and 
may roll upon a spiral rack, 
as shown in Figure 181, 

As the disc reyolves, the 
pinion p slides upon the 
square shaft, and is kept 
upon the rack by the action 
of a guide roller b, which 
travels along the spiral 
shaded groove. 
This example is by no means put forward as a good me- 
chanical contrivance, 

143. In the transfer of motion from one axis to another, 
it often happens that we wish to deduce a rotation which 
may be made greater or less from one which is perfectly 
uniform. 

Conical Pulleys will give this result, and are represented 

in figure 182 w-here two cones 
moveable about the axes A b, c d, 
are connected by a driving band pq. 
The rotation of A b being 
uniform, it is at once evident 
that the rotation of o d will con« 
tinue to decrease as the strap ia 
shifted from o towards d. 

One of the cones is sometimes 
replaced by a cylindrical drum, 
in which case the strap must be 
kept stretched by a tightening pulley. 

Speed Pulleys form one variety of conical pulleys, 

and are so called because they allow of the transfer of 

different velocities of rotation from one shaft to another ; 

they are much used in engineers* factories. 

They are made in a series of steps, as shown in the figure, 
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and it very commonly happens that they are connected by 
an open band. 

There is a peculiarity when the band is crossed which does 
not exist otherwise, and we Fig. isa. 

shall now show that the same 
bandy when crossed, will be 
sure to suit every pair of pul- 
leys which are connected by 
the simple relation that the 
sum of the radii of each oppo- 
site pair is equal to a constant 
quantity. 

This gives a very easy rule 
for making the pulleys, and the 
proof is the following : 

Let a pair of pulleys be re- 
presented in Fig. 183, and let 

A P= a?, BQ=y, PAC=DBQ 

= 0, 

Then CPQD = a?6-fy6 + pQ 

= (a? -f y) 4- A B sin 0. 

But X -k- y is supposed to be constant. 

/. c P Q D is quite independent of the relative size of the 
pulleys, and only changes when 0, or A b, changes. 

144. Rolling Curves have been employed to vary the 
relative angular velocity of two revolving pieces. 

The guiding proposition connected with this subject is 
the following :— rig.i84. 

Prop. Where two 
curved plates, cen- 
tred upon fixed axes, 
roll together, tho 
point of contact 
must always lie in 
the line of centres. 

Let two such plates be centred at A and c (Fig. 184.) and 
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suppose that p and q represent two points which will be in 
contact when the curves roll. 

Then p describes a circle round A as the plate revolves, 
and Q describes a circle round o ; hence p and q will come 
into contact whenever these circles meet each other. Now 
p and Q only meet once in one revolution, and therefore the 
circles can only meet once, t.e. thej touch each other. But 
the circles can only touch in the line a c, therefore the point 
of rolling contact must lie in a c. 

Cor. This is equivalent to saying that a p + c Q = a 
constant quantity. Further than this, the curves will have 
a common tangent at the point where they roll upon each 
other. 

Ex. Two equal ellipses which are centred on opposite foci 

will roll together. 

It is the property of an ellipse 
that the tangent at any point p 
makes equal angles with s p and 
H P, and again that the sum of the 
lines s p and H p is a constant quan- 
tity. (Fig. 185.) 



Fig. 185. 




Fig. 186. 



The two equal ellipses centred upon opposite foci are re- 
presented in contact at p. 
(Fig. 186.) 

Let p T be the tangent 
to the ellipse a at p, and 
p t the tangent to the 
ellipse B at p. 

Then sPT = *PHby 
the property above stated, 
.*. T p ^ is a straight line 
or the curves have a common tangent at the point p. Also 
8 p + H p = a constant quantity, and the two conditions of 
rolling are fulfilled. 
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Fig. 187. 




145. In practice rolling curves must be provided with 
teeth upon the retreating edge, otherwise the driver would 
leave the follower, and the revolution would not be com- 
pleted. (Fig. 187). 

As is usual in all cases where 
segmental wheels are employed, 
a guide must direct the teeth 
to the exact point where they 
commence to engage each other. 

The guide may be dispensed 
with by carrying the teeth all 
round the curves : this construc- 
tion is usually adopted in practice, 
although, strictly speaking, it de- 
stroys the rolling action entirely. 

146. A quick return of the table in small planing machines 
is effected by the aid of rolling ellipses. 

The table is driven by a crank and connecting rod, and 
the crank exists under the form of a flat circular plate, 
centred on one of the foci, and having a groove radiating 
from the axis as a line of attachment for one end of the con- 
necting rod. As the plate may be set in any position upon 
the elliptical wheel, we propose to inquire what will be the 
effect of a change of direction in the groove or crank. 

Let the ellipses have the 
position shown in Figure 
188, s and h being the centres 
of motion, and s p h Q being 
JL' to A a, the axis of one 
ellipse. Draw fr±,^ J>dy and 
let the ellipse d R c? p be the 
driver, rotating in the direc- 
tion of the arrow. 

While p cf R is rolling 
upon p a Q the ellipse A a 
makes half a revolution^ and 

xa 



Fig. 188. 
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while B D p is rolling upon Q A P, it makes the remaining 
half revolution. 

Suppose D d to revolre unifonnly, then the times of a 
half revolution of a a will be in the same proportion to each 
other as the angle p a b to the angle 360 — P B s. The 
quick half revolution occurs when the shaded segments are 
rolling upon each other. If, therefore, the table be made to 
move in the line h b produced, and the crank be placed in a 
direction _L' a a we shall obtain the greatest possible differ- 
ence between the periods of advance and return. 

The practical difficulty with rolling wheels exists during 
that part of the revolution where the driver tends to leave 
the follower, and it can onlj' lie obviated hj making the 
teeth unusually deep. 

147. An instance of rolling carves ia exhibited in Fig. 
Fij. las. 189, and occurred in one of the 

many attempts made to im- 
I prove the printing press before 
> the invention of Mr. Cowper 
p enabled the newspapers to com- 
Y mence a real and vigorous 
^ existence. 

The typo was placed upon 
f ea«h of the four flat sides of a 
rectangular prism to which the 
wheel B corresponded in shape, 
and the paper was passed on to 
a plalten corresponding in form 
to the wheel a. 

The prism and platten being 
in the same relative position as 
_ the wheels b and a, we can un- 
derstand that the type would be 
in the act of impressing the 
paper while the convex edge of the wheel a rolled upon the 
flat side of b, and that in this way we should obtain four 
impressions for each revolution of the wheels. 
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148. The Double Eccentric for reversing an Engine. In 
a Locomotive or Marine Engine the relative positions of the 
piston and steam valve would be such as are indicated in 
the diagram. (Fig. 190.) 

The small circle gives the path of the centre of the eccen- 
tric pulley, and the large circle that of the centre of the 
crank pin. 

In the upper diagram of Fig. 190 the piston is moving to 
the right and the valve to the left ; if we are to reverse the 
motion, we must drive the piston back hj admitting the 
steam upon the opposite side, and by letting out that por- 
tion of the steam which is urging the piston forward. Hence 

Fig. 190. 





we must move the valve into the position shown in the 
lower diagram, and shift A to b ; the piston will then return 
before it reaches the end of the cylinder, and the movement 
of the engine will be reversed. 

The double eccentric enables us to accomplish this change ; 
it consists of two eccentrics keyed upon the crank shaft (Fig. 
191.) and so united that their rods terminate in a circular 
link or grooved bar which is suspended by levers, and is 
capable of taking such extreme positions as to connect the 
valve either with one eccentric or the other. 

It possesses the additional advantage that when the move- 

X 3 
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able piece d, which is attached to the end of the slide rod, 
occupies any intermediate position in the link, a redaced 
motion is imparted to the valve, and the speed of the engine 
is lessened. 

Fl(. 191. 




The link is suspended hy levers at the point K, and is 
capable of being moved bo as to shift D throughout its 
length. 

149. Bell Crank Levers serve to change the line of Erec- 
tion of some small motion, and are of universal application. 
They consist simply of two arms standing out from a fixed 
axis so as to form a bent lever. 

1. Let the two lines of direction lie in one plane and meet 
in some points, (Fig. 192.); draw dc, dividing the angle at 
D into two parts whose sines are 
in the ratio of the velocities of the 
movements in the given direc- 
tions. 

In D take any convenient 
point c, and draw c a, c b, X' to 
. D A. and D B, then a C b will be 
the bell crank required. 
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It IB evident that the velocities of A and b are directlj as 
the arms C A, C b, i.e. in the ratio of sin c d a to sin c D b. 

The motion in d a or d b becomes more Dearly rectilinear 
the further we remove c from the point D. 

2. Let the lines of direc- Fig. 193. 

tion pass without meeting 
each other. 

Draw r Q, a common J.' 
to the lines A b and b e, 
(Fig. 193.\ through q draw 
Q H // D A ; construct a bell 
crank lever, a c b, for the 
movements as transferred 
to the lines b q, q h ; draw " " " « 

c e // to F Q and equal to it, and further make e dll and equal 
toc^ 

The piece a c e d will be the lever required. 

160. Where a train of wheels is set in motion hj a spring 
enclosed in a barrel, it becomes of consequence not to over- 
wind the spring, and the Geneva stop has 
been contrived with the view of preventing 
such an occnrrence. 

The peculiar fonn ie shown in the figure. 

A disc A, (Fig. 194.) furnished with one 
projecting tooth p, is fixed upon the axis of 
the barrel and is turned hy the key. 

Another disc b, shaped as in the drawing, 'f^r-^ ^^^ 
is turned through a certain space every time ' 1^= ^^^^^ 
that the tooth p passes through one of its 
openings and is held fast at other times by 
the convex surface of A. 

In this manner each rotation of A will advance b through 
a certiun space, and the motion will continue until the con- 
vex surface of a meets the convex porti6D e, which is 
allowed to remain upon the disc b ia order to stop the wind- 
ing up. 

X 4 
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The winding action having ceased the discs will return 
to their normal positions as the mechanism runs down. 

161. The Star wheel is much used in cotton spinning 
machinery, and is analogous to the Geneva stop. 

If the convex portion e were removed so as not to inter- 
fere with the rotation of A, we should virtually possess a 
star wheel in b. 

Fig. 196. In that case each rotation of A would advance 

B by the space of one tooth, or we should con- 
vert a continuous circular motion into one of an 
intermittent character. 

The usual form of the star wheel is given 
in Figure 195, where the revolving arm en- 
counters and carries forward a tooth at each 
revolution. 

It is as if a wheel with one tooth were to 
drive another with several teeth. 

162. The invention of counting wheels is due to the 
celebrated Cavendish, who constructed a piece of apparatus 
for registering the number of revolutions of his carriage 
wheel. 

There is but one guiding principle in this branch of 
mechanism, however varied may be the details of the 
separate parts. 

Each wheel of a series a, b, c, &c. possesses ten pins or 
teeth, and it is contrived that one tooth only of c shall be 
sufficiently long to reach those of b ; similarly b is provided 
with one long tooth which is capable of driving a. 

Thus c goes round ten times while b makes one revolu- 
tion, and so on for the other wheels ; in this way the series 
is adapted for counting units, tens, hundreds, thousands, &c. 

In the figure the arm e f (Fig. 196.) imparts rotation 
to the first wheel by the assistancia of the click h d ; 
the number registered is 988 : after two vibrations of the 
arm the zero of c will reach the highest point, the tooth 
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p will drive b through the space of one tooth ; and the 
number registered will be 990 ; after 10 more vibrations of 
the arm, p will again advance b, and at the same instant Q 

Fig. 196. 




will move a, and will bring up its zero to the highest point. 
The three wheels will now register 000, having passed the 
number 999 which is the last that thej can give us. 

Where it is intended to print the figures registered as in 
the numbering of Bank notes, each wheel must carry the 
letters on the edge and not upon the face, the principle is 
the same, but the construction differs, the wheels being 
placed side hj side, and close together. 

One principal feature in this contrivance is the reduction 
in motion caused by the single driving tooth. Now, we have 
seen in page 6 that an endless screw is equivalent to a wheel 
with one tooth, and we shall therefore be prepared to find 
that an endless screw is useful in mechanism of this cha- 
racter. 

There is an ingenious contrivance known as the 
differential worm wheel and tangent screw, which may 
be noticed very briefly. Two worm wheels, difiering by 
one tooth in the number which they carry, are placed side 
by side and close together, so as to be capable of engaging 
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with a single endless driving screw. It is apparent that 
one wheel will turn relatively to the other through the 
space of the extra tooth in a complete revolution, and that a 
very slow relative motion will be introduced. 

In this way, if one wheel carries a dial plate, and the 
other a hand, we can obtain the record of a very large 
number of revolutions of the tangent screw. 

163. If the end q of the connecting rod in Art. 4 be 
attached to a knuckle or toggle joint d q e, consisting of two 
bars jointed at q, we derive a combination which has been 
used for many purposes. 

Let D (Fig. 197.) be fixed, and when p comes to b, let 
D Q E straighten itself into the line d r ; the point e is 
commonly constrained to move in the line d b, and great 



Fig. 197. 



Fig. 198. 




pressure may be exerted at e when d q e becom3s very 
nearly a straight line. 
In general d q e straightens itself when p is at b, i.e. 
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once for each revolution of the crank c p ; but if c be shifted 
a little towards the joint, the point q will descend below 
the line, b d, and we shall arrive at two positions of p in 
which D Q E becomes a straight line. 

Fig. 198 is intended to show the toggle joint as applied 
to a movement of this character in a Power Loom. 

In weaving, the thread of the weft requires to be beaten 
up into its place after each throw of the shuttle ; and in 
some cases, as in carpet weaving, two beats are wanted 
instead of one. 

The combination under discussion has been used to 
actuate the moveable swinging frame, or batten, which beats 
up the weft, and the result is that two blows are given in 
rapid succession. 

In the figure now referred to, e p is the batten, move- 
able about F as a centre, and it is clear that when the crank 
takes the positions c p, c p', the toggle joint d q e will 
straighten, and, as a consequence, the batten will be pushed 
as far as it can go to the left hand, or a beat up of the weft 
will take place. 

By referring to Chap. I. we shall understand that a cam 
plate moveable about c, (Fig. 199.), and shaped as in the 
figure, may be employed to Fig. iw. 

drive the batten, and may 
replace the above combina- 
tion. 

The roller p is connected 
with some levers attached to 
the batten, and the beat up 
occurs when p passes through 
the hollows upon each side of 
the projecting portion of its path 
upon the plate. 

164. SaxtorC 8 Differential Pulleys were patented in 1832, 
with a view of obtaining great speed in railway carriages 
propelled by a rope : by the use of this invention the con- 
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sumption of the rope, proposed to be wound up at a sta* 
tionarj engine house, would be much less than if the 
carriage were attached in the ordinary waj. 

Let two wheels of different diameters (say as 6 to 7) be 
centred on a common axis at c (Fig. 200.) and be fastened 

Fig. 200. 




together, and let an endless rope be wound round the wheels 
and pass over pulleys at e and f in the manner shown in 
the diagram, the rope taking a turn round each of the 
pulleys. 

Conceive now a pull to be exerted on the rope at b in the 
direction b e, then the tension of the string will cause an 
equal and opposite pull to arise at a in the direction a f, 
and thus the compound pulley has a tendency to turn about 
D, the middle point of a b. 

This tendency in the pulley to turn about the point d 
causes the linear motion of c to be very much greater than 
that of any point in the rope ; for example, when b moves 
through a small space, b 5, c will advance through c c, which 
upon our supposition is 13 times as great, so that when one 
yard of rope is wound up the carriage will have travelled 
through 13 yards. 

The carriage may be at once stopped by disconnecting 
the pulleys. 

155. Step Wheels constitute a modification of toothed 
wheels ; they are due to Dr. Hooke, and are used to ensure 
a smooth action in certain combinations of wheel work. 



6TBP WHEELS. HI 

It ia evident that the acUoD of two wheels upon each other 
hecomcs more even and perfect when the numher of teeth 
is increased, but that the teeth at the same time become 
weaker and less able to transmit great force. 

Dr. Hooke's invention overcomes the difBculty, and virtu- 
ally increases the number of teeth without diminishing their 
strength. 

Several plates or wbeele are-laid upon one another so as 
to form one wheel, and the teeth of each succeeding plate 
are set a little on one side of the preceding 
one, it being provided that the last tooth 
of one group shall correspond within one 
step to the first tooth of the next group. 
The principal part of the action of two teeth 
occurs just as they pass the line of centres, 
and there are now three steps instead of one 
from the tooth A to the tooth B. (Fig. 201.) 

A single oblique line might replace the succession of 
steps, hut we should then introduce a very objectionable 
endlong pressure upon the bearings of the wheels. 

166. Hooke's Joint is a method of connecting two axes, 
whose directions meet in a point, in such a manner that the 
rotation of one axis shall be communicated to the other. 

A B and c D (Fig, 202.) re- Fig. goi 

present tivo axes whose di- 
rections meet in the point O ; 
the extremities of a b and c d 
terminate in -two semicircular 
arms which carry a cross, 
F Q S It; the arms of this cross 
are perfectly equal, and it is 
jointed at p, Q, s, and b, bo as 
to have the necessary freedom of motion. 

A& the axis a b (Fig. 202) revolves, the points F and q 
describe a circle whose plane is X' to A b, and at the same 
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time 8 and r describe aDother circle whose plane is JL' to 

c D. 

These two circles are inclined at the same angle as the 

axes, and are represented in figure 203 ; thus the point p 

Fig. 208. starts from p and moves in the circle p p' q, 

while the point b starts from b and describes 

the circle b b' q. 

Let op', o b' be corresponding positions 
of the two arms, then p' b' is constant^ but 
changes its inclination at every instant, and 
as a consequence the relative angular velo- 
cities of o p' and o b' are continually 
changing. 

To find the relative angular velocities of the axes A b and 
c D we proceed as follows : 

Let the circle prq (Fig. 204.) represent the path of p, 
p t q being the projection upon this circle of the path of r, 
and suppose d to be the angle between a b and c d ; then 
the dimensions of the curve p t q, which will be an ellipse, 
can be at once deduced from the equation o ^ =: o r cos 6. 

Draw B »» JL' o r, then r m will be the actual vertical 
space through which r has descended while o p describes 
the Z. j9 o P. But the path of r is really a circle, and 
only appears to be an ellipse by reason of its projection upon 

Fig. 206. 






a plane inclined to its own plane ; in order, therefore, to 
estimate the actual angular space through which o R has 
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moved, we must refer this motion to the circle which r 
really describes, (Fig. 205.) and thus by making r' w' = r m 
we shall find that m! o r' will be the angle which o r 
describes while o p moves through the angle pop. 

We may represent the motion of both axes upon one dia- 
gram by combining the ellipse p'&q with the circle p r r', 
if we then draw n R r' AJ P o q and join o r, o r', it will 
be easy to see that the angles r o r, r' o r are those described 
in the same time by the axes a b and c d. (Fig. 206.) 

Hence the axes a b, c d revolve together, but unequally, 
and the angles which they describe in the same time will 
be at once apparent upon referring to the positions of o R, 
o r' at any period of the motion. 

Furthermore, o R, o r' coincide when R is at the end of 
an axis of the ellipse p^q^ an event which happens four 
times as the cross goes round once, and there is therefore 
this curious result, that however unequally the axes revolve 
they must coincide in relative position four times in one 
revolution. 



THE END. 
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■llhWBWoodcuU, Pon8vo.l4.. 
Cati tad Farlie'i Book of Em- 



Connolly's Hiitar7 of tha Bofal ' 
u Uie sle« or Sibutwi. Scrmd ; 

Conybeare ftnd Howion'i Life 

■DdEplillHDf SalntPiuliComiirlBlni; 
ft eomiiltU Mogrmphj oT the Apdfi11e» 
and a TnntUtlon of hie Kpiilles 
lnB4Tl«d In ChioiiDtDHlcal Order, TiiM • 
Hienl'Unn uid Woodcuts, 'and 4 



Dr. Copluid'i IMfltionaiT 

PnctlalHedldna; ConprialiK Oti 
n] PnlbDloiv, thH Hatura and Trr 



and the IHtoiden Hpeolallv to 
to CllmiUo, to S«. and totbai 



ilructnrH, 
Inddantu 



Cecil. ^ The Stnd Farm ; or, 

MiDtaonBrHdlniiaanMnirthaTnrf, ' 
tbeChuH.and the Koul. Adilreued ; 



Csdl'a Btabia FnwiUsa ; or, Hints 



pp'"? J*^''" 



.-Hiitory of GoatavtiD 



Conili-nntlon! ItUEUttlon. Iflmo. !•- Od. 

Cras;'a EacyotopiediB of Civil ; 
En^HiiDK. Ulilorical, TlieonUcal. 
and;rractlcal. niiulraud br apnrda . 
of a.«M Woodcut*. Simi AUIHse. ; 
levlasd L and nleadad in ■ 8«|>|il«awiit, 
romprlaliigUediipolltaoWata'.SDwly 
Itnliuiia of Towna. B^mn, Oililnl 
Proporaoa, "-■-' ' ■ — -^ — ' — 

Orone. — Kemoriali, Soientifie 

and Lttoraij. of Andrew Ctmib, the 



Crawc^^he Hiitary of Tranca. 

[ Bj Et«« BTiKg OOWB. Ill Fivs 

i CrnikiluiBk. — The lite of Bit 

Gtorge CrulliBhauk. AccompunSil bj 
Ul imaginary lH«riii>hy at the Knight,. 

1 piicfllXi.Sd. tlDtll. 

I I«dy Cast's InTalld'i Own Book : 



VIA 

lUlijilout Sceptic. M* xdMm. 

Defenoe of ^la Belipia of Fiitli, 

by lU AuiliOT : BeliiK ■ Balidiular U 
AaHiuor NewiD«i7SW7ladD.tlnK 
a hUl KlouinUluii orttiU Willtr'l 
CrlUclimon the Chtncter oT Clirlil j 

BdiUan, revlHd. Peat evo. Ei. «d. 

The EngUihmktt'* 0ieek Con- 

ennlHioa or tba N** Totamant: Bring 
•n iitnopt u ■ VirlHl OnUHiioD 
Mil tlw Oiwk mi tke Englkh 



b IndnH, Ondi- 



! nie Bev. Cuuin Dale's Sameitie , 

I Lllutgyuid PantUy Chepltiln, In Tiro 
PuUiFuTI.CIiurdiSdTlcaiiidspted ' 

j h'&H^S&Sff'tB i Tl. EnilUhMul'. H.bnw «.! 

I II. u ui^optlita Swmon fcr E«ry (n.-i-i~.^ ..i_™j m — 

: Bnndaj lb Uw Tsar. Seoond EiUtlon. I 
! PoatOo. Hi. BkoUi I Ui. Od. atU: nr 

«. lai. morocco. EngUBh TruuliliHii; vlth Indun. 

I ,TiiiF>iiiF.T CD>n>i»,i^. ' a Lilt of Ul* Proper Nua» uKI Itaelr 

Eeiaretflj | Tai Dummc LiTuam, . OoouiTMUHi, ftc I vol!, njjal S»o. 

'^ 'I 1D..U. I jra.l3l.H.ililrg«pi>per,24.dl.8d. 

Epbemera'iHuidbookoflLiigUiig; 

I W«hli« Fly-Bjblng TrolllniBonoin- 

Nuund'HliUii; of Wver-nah, uid Ihi 
but Maiim ot CUcbicg them. Thin 



The Angler in ths Lab District -, 


WoodeuM. Fop.BTO.bi. 


bBlaiii. ycp.evo.Oa.Sd. 
De PonbUnqne.— The Adniini- 

;?;^v"i^X'"iytB';i?B Vi- 


SplwDun'iBoek of the Salmon ; 

beet way or aitlOoUUy Bmdinc U. 




Fairbairo.— Usafol Infbrnuitioii 


ne la Sive's Treatiss oa Elec- 

Irldlv In TUoory md l-TKlice. Trans- 
lued for tbe Aullior by C. V. tViLK^B, 

denu in the Oie«t IteMrt. of North 
Ameiica. Hy Ibe abbi 'Uoubkich. 
WiUx a MaPpVd about Silt. Wo»lc« 


K-SSSS'iS.'.'SS.-'.ia: 

Fint Impnuiiini of the ITew 


Joum In lho« Hegloua. a.o.lW.ed. 


Fuoher. — FnuwU lUoDn of 

by J. l»i.»™.B. P«t8T0.(W.ftL 
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1(£W WOUKS AND NSW EDITIONS 



PorMter. — Rambles in the 

Idands of Corsica and Sardinia : With 
Kdtices of their History, Antiquities, 
and present Ck)ndition. By Thomas 
FoBBBTXB. Witii oolonred Map ; and 
munerooB Lith(«raphlc and Woodcut 
IfinBtntUons from DrawinnpB made 
dnrloK tiie Tour by Lieut.-Ool. M. A. 
Biddiilph, B.A. Imperial 6vo. 2Bs. 

Tracer. — Letters of Bir A. S. 

Frazer, K.C.B. Commanding the Boval 
Horse Artillery under the Duke of Wel- 
lin^n: Written during the Penin- 
■dSurandWateiiooOampiugns. Edited 

by liAJOB^GBJrXBAL 8ABINX, K.A. 

With Portrait, 2 Maps, and Plans. 
8vo. 18s. 

Treeman and Salvin.— ^[Falconry : 

Its Claims, History, and Practice. By 
Oachi Eablb Fbbbmak. M.A. (** Pere- 

Srine" of the Field newRpaper) ; and 
aptoin F. H. SajiVik. Post 8vo. with 
Woodcut niustrations from Drawings 
by Wolf, price lOs. 6d. cloth. 

Qaxratt.— vHarvels and Mysteries 

of Instinot : or, Cariosities of Animal 
Life. By OxoBOB Oabbatt. Second 
JSUiMon, improved. Fcp. 8vo. 4s, 6d. 

Oilbart.-«A Practical Treatise 

on Banking. By Jambs Wii.liam 
GiiAABT, F.B.S. Sixth SdiHon, 2 
vols. 12mo. Ite. 

Gilbart's Logic of Banking : A 

Familiar Exposition of the Principles 
of Reasoning, and tlieir Application to 
the Art and the Science of Banking. 
12mo. with Portrait, 12s. 6d. 

01eig. — Essays, Biographical, 

Historical, and Miscellaneous, contri- 
buted ciiiefly to the JBdinbwffh and 
QMirttrlv Reviswi. By the Bev. G. R. 
GcBiG, M.A., Chaplahi' General to the 
Forces, and Prebendary of St. Paul's. 
2 vols. 8vo. price 2Ls. 

The Poetioal Works of Oliver 

Goldsmith. EditedbyBoiiTOit^CoBirEY, 
Baq. Illustrated by wood Engravings, 
frooDi Designs by Members of the 
Etching Club. Square crown 8vo. 
doth, 2l8. ; morocco, £1. 168. 

CNMMe;-— A Naturalist's Sojourn 

in Jamaica. By P. H. Gossb, Esq. 
With Plates. Post^vo.Us. 

Greathed.-- Letters from Delhi 

written during the Si^e. By H. H. 
Gbbathbd, lat« of the Bengal Civil 
Service. Edited by his Widow. Post 
Svo. 88. 6d. 



Oreen.— Lives of the Princesses 

of England. By Mrs. Maby Akkb 
EvBBBTT Gbebx, Editor of the Letters 
of Royal and lUiatriotu Ladiee. With 
numerous Portnuts. Complete in 6 
vols, post 8vo. lOs. 6d. each. 

Greyson.— Selections from the 

Correspondence of R. E. GBKTSOir, Esq. 
Edited by the Author of The Eclipse of 
Faith. New Edition. Crown 8vo. 7s. 6d. 

Orove.— The Correlation of Phy- 
sical Forces. By W. B. Gbotx, Q.C., 
MJl. Third Edition. Svo. 7s. 

Gomey.—- St. Louis and Henri 

lY.: Being a Second Series of Histo- 
rical Sketohes. By the Rev. JoHir H. 
QVBarxY, M.A. Fcp. 8vo. 6s. 

EveningBecreations; or, Samples 

firom the Lecture-Room. Edited by 
Bev. J. H. Gubitby. Crown 8vo. 58. 

Gwilt*s Encyclopedia of Archi- 
tecture, Historical, Theoretical, and 
Practical. By Josbph Gwilt. With 
more than 1,000 Wood Engravings, from 
Designs by J. S. Gwilt. 8vo. 42s. 

Hare (Archdeacon).-— The Life 

of Luther, in Forty-eight Historical 
Engravings. By Gustav KCbtig. 
With Explanations by Archdeacon 
Habe and SusAinrAH Wutkwobie. 
Fcp. ito. 28s. 

Harford.— Life of MichaelAngelo 

Buonarroti : With Translations of 
many of his Poems and Letters : also 
Memoirs of Savonarola, Raphael, and 
VittoriaColonna. ByJonNS.HABPOBD, 
Esq., D.C.L., P.R.S. Second Edition, 
revised; with 20 Plates. 2 vols.Svo. 25s. 

Illustrations, Architectural and 

Pictorical, of the Genius of Michael 
Angelo Buonarroti. With Descriptions 
of the Plates, by the Commendatore 
Caktita: C. R. Cockbbbll, Esq., R.A. ; 
andJ.S.HABFOBi}.Esq.,D.C.L.,F.R.S. 
Folio, 78s. 6d. half-bound. 

Harrison. — The Light of the 

Forge : or. Counsels from the Siok-Bed 
of E.M. By the Rev. W. Habbisoit, 
M.A., Domestic Chaplain to the 
Dw^eea of Cambridge. Fcp. Svo. 5s. 

Harry Hieover's Stable Talk 

and Table Talk; or. Spectacles for 
Young Sportomen. New Edition, 2 
vols. 8vo. Portrait, SAs. 



BE LOnOMAK, ( 



Sairy HiMnwr.— Tlie Hunting- ' Sir John Eendtel's Easayg - 
Fidfl. By HiBBT Hiiovjib. Willi from tli9 EdMburgh and QuarUrlu 
TwoPUUh. Fop.Bvo, [..Imll^lKiund. B™™., ^will|^Adtlt(!SMS Mill oUier [ 

Harry : 



over. — Priotioal ' 

,. Siamd EdtHmi will. ' alatii 

Plulea. Fcp.evo.fis, lult-bouDd. , uncn) 

Harry Hieover.— Tlio Pookat aafl. ^^"'' 

Mimagsineii"otlheSlablo. B/niBii ^^^ 



— Summer 



UnOYE 
Harry Hieover.— .Tie Btud, for : 

Pruaii^l'nnwaeaand PracUcalMen ■ \ 

HuialL— A HiBtory of the Eri- , 
ath PreshwiWrt _Atoe : Inclndliiy . 
Ducrliitloiia of tlie Degmldni imil 



Etiquette and the ; 

fiad'HiSlU. Kew liditSn, "S^liod 
t»iUi Ad^lons) by B Lsdj of lUnk, 

Holland.— Uedioal NoteE and 
M.D„ F.K.S., ic., Phyilcian in Oidl^ 



Col Hawker' E InstrnctionE to 
Young SpoTl4men in lUl that nlates b 

W.L. Hi™ii.''wiUi°Portmil,Kuu; 
uid WoodcDti. Eq.crtxYiiBmlSi. 

Haydn'i Book of Slgnltiei : 
ConUlnlDg RDlltorthaOOcialPenon- 

ra of Uie Brttlih Jimpito, Civil, Kc- 
luUcal, Judlidil. UJUlBry, Naiil. 
and Munldpil, frixD Uu EiHlsal Fe- 
with tbfl Bovani^A df Europe, lh>m 
the FDundatlDD of Uulr reapectlve 
8U(a L tlie Peerage end NobUlty of 
OtHt BrlMlD,Jtc. ers-ite. 



Hooker — Eew Qardeiu ; or, a 

JlCEBo' HOOIBH, (^H.^Ac/rit" I 
to ftiUiminy Woodcuti. ISmo. cd. . 

Hooker and Amott'a Brituh 

Flora umjErl^tEbi Pbaao^inou 

Home'i Introduedon to the 



^ BiogTBptdoal and ' Home— A ComDendlooi Intro- 
™.^«prlnlM from_R5- ?"5"°""'^«.'-i^,?''5fBlMe Bi 



Bir John Hertohel's Oatlinee of 

oiuxDlwl knoHlHlge ; vBh eiUat 



HoEkyna. — Talpa ; or, the 
nlclei af a Clay Farm l An Agri 
Vraamont. Ry UHiMUOH 

£4 Woodcuti from 1>«^^ by I 
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KSW WOBEfi AND NEW EDITIONS 



Howitt (A. M.>— An Art-Sta- 
dent in Munich. By AmsfA. Mabt 
Howm. 2 vols, post 8vo. 14fl. 

Howitt.— The Children's Year. 

By Mabt Howitt. With Four Illus- 
trationR. Square 16mo. 58. 

Howitt. — Tallangetta, the 

Squatter's Home : A Story of Austra- 
lian Life. By Williak Howitt. 
2 vols, post 8vo. 188. 

Howitt. — Land, Labour, and 

Gold ; or, Two Years in Victoria : With 
Visit to Sydney and Van Diemeu's 
Land. By Williak Howitt. Second 
Edition. 2 vols, crown 8vo. 10s. 

W.Howitt'sYirits toBemarkable 

Places : Old Halls, Battle-Fields, and 
Scenes illustrative of Striking Passages 
in English History and Poetiy. With 
about 80 Wood Engravings. iTew Edi- 
tion, 2 vols, square crown 8vo. 25s. 

William Hewitt's Boy's Conn* 

try Book : Being the Real Life of a 
CJountry Boy, written by himself; ex- 
hibiting sdl tneAmusements, Pleasures, 
and Pursuits of Children in the Coun- 
try. With 40 Woodcuts. Fcp.Svo.Os. 

William Hewitt's Bnral Life of 

England. With Woodcuts by Bewick 
and Williams. Medium 8vo. 21s. 

The Abbe' Hue's Work on the 

Chinese Empire, founded on Fourteen 
Years' Travel and Residence in Ciiina. 
People's Edition, with 2 Woodcut 
Illustrations. Crown 8vo. 5s. 

Hno. -» Christianity in China, 
Tartary, and Thibet. By M. I'Abb^ 
HuO| formerly Missionary Apostolic 
in China. Vols. I. and 11. 8vo. 21s. ; 
and Vol. Ill 10s.6d. 

Hudson's Exeontor's Guide. 

New and improved Edition ; with the 
Statutes enacted, and the Judicial 
Decisions pronounced since the last 
Edition incorporated. Fcp. 8vo. 6s. 

Hudson's Plain Directions for 

Making Wills in conformity with the 
Law. New Edition, corrected and re- 
vised by the Author ; and practically 
illuptraled by Specimens of Wills con- 
taining many varieties of Bequests, 
also Notes of Cases judicially decided 
since the Wills Act came into opera- 
tion. Fcp. 8vo. 2s. 6d. 



Hudson and Eennedy^s Asoent 

of Mont Blanc by a New Route and 
Without Guides. Second Bdition,xritk 
Plato and Map. Post 8vo. 5s. 6a. 

Humboldt's Cosmos. Translated, 

with the Author's authority, by Mrs. 
Sabinb. Vols. I. and ll. 16mo. 
Half-arCrown each, sewed ; Ss. 6d. each, 
doth ; or in post 8vo. 128. each, cloth. 
Vol. III. post 8vo. 12r. 6d. cloth : or 
in 16mo. Part I. 2s. 6d. sewed, 8s. 6d. . 
doth : and Part II. Ss. sewed. 4s. cloth. 
Vol. IV. Past I. post 8vo. 15s. cloth ; 
16mo. 78. 6d. cloth. 

Humboldt's Aspects of Nature. 

Translated, with the Author's autho- 
rity, by Mrs. Sabikb. 16mo. price 68. : 
or in 2 vols. Ss. 6d. each, cloth; 2s. 6d. 
each, sewed. 

Humphreys.— Parables of Our 

Lord, illuminated and ornamented in 
the s^le of the Missals of the Renais- 
sance by H.N. HtncpHBBTS. Square 
fcp. 8vo. 21 s.in massive carved covers ; 
or SOs. bound in morocco, by Hayday. 

Hunt rCapt.\— The Horse and 

his Master : With Hints on Breeding, 
Breaking, Stable-Management, Train- 
ing.Elementary Horsemanship, Riding 
to Hounds, &c. By Vbbb D. Huwt, 
Esq., late 109th Hegt. Co. Dnblin 
Militia. Fcp. 8vo. with Frontispiece, 
price 58. 

Hunt.-^Besearches on Light in 

its Chemical Relations ; embradng a 
Consideration of all the Photographic 
Processes. By Robert Hmrr, F.R.S. 
Second Edition, with Plate and Wood- 
cuts. 8vo. 10s. 6d. 

Hutchinson. — Impressions of 

Western AiHca : With a Report on tlie 
Peculiarities of Trade up the Elvers iu 
the Bight of Biafira. By J. T. Hutchin- 
soK, Esq., British Consnlforthe Bight 
of Biafra and the Island of Fernando 
Po. Post 8vo. 8s. 6d. 

Idle.— Hints on Shooting, Fish- 
ing. &Cm both on Sea and Land, and 
in the Fresh- Water Lochs of Scotumd: 
Being the Experiences of C.Idlb, Esq. 
Fcp. Svo. 5s. 

Mrs. Jameson's Two Lectures on 

the Social Employments of Women, 
Sigtet's of Charity and the ComnntnioH 
of Labour. New Edition, with a 
Prefatory Letter on the Present Condi- 
tion and Requirements of the Women 
of England. Fcp. 8vo. 28. 



ThM*Edltloii; wlih itES^w '"li 
opwferdA of IBO Woodcuu. i vulj, 

Kn. lunHon'i L^endi of the 



. Htb. JanuioiL'i Legead* of t 



Kembls. — The Sozoai in Eag- 

oioniBollh UuSiB ConqoMt. ily J, ». 

Keith Johniton'i Dictianuy of 

Gewnuby, DiKilpeif a. Fliiiiad. SU- 
Uitliail, nil HlMorbol rrocmlDii ■ soBf 
Ii1«l« Onierel QuUon of tl4 world. 
TUrd Bauitn, nMIAeil to Mm ina. 



; Sqiur. crown 8vo.!S., Nji^^^^-o^l^a^Oi^^i^ 

i Hn. Tameion'i Conimoiiplacia- in»Mfi^Siiwfr"BM«morpi™M.^t?oSl 

dB^ OriglniJauil P*lEtl8d'. SMMrt MrS™'iSB™,»'yb»raiSon,liulinS 

Etching mil Womliuu. Crcwn Svo. ji," rtUiUvu tu ilhu ur'stn anil PruiiMsi 

, JaquBmet'i Compendinm of a Lady'e Tom rottnd Konte 

Si?"'!'^.L'^niSLSlS!?^J!l2^' Id I*""! wlUiVl^ulolbelullnnVillej. 

POTlajil Bilm of GonBral History, Po- of Aiiiaaci. M[ul»lona,CamMm,sra(i, 

ffoni iiie Crealioii of tlie WorLd lolfio Kenraof Bicnnlms'in'ilie Years wSol 

j^oemet's Chronology for sa^a'^^d'bWo^KDg^yioKi.Po^t 

al, EMjlMla«ti«L, anil Liiemty, iHim Lfcrdner'a CabioBt CyclopcBii* of 

' lord Jeftey'a ContribntioM to worki"y'KS™»*wil?t°i^''^! 

The Edinbnrgh Revlcn, ANtwEdi' nteteinlSS voli.fcp.Svo. vlth I'ltniHM 

t[iin, coinplels In Oiie Volume, with litlea. price £19. Ui. doLh liUerod. 

8""^' °3olli'^"°"3ii ^SSr'io'lu '^' ^'"■'" •'raralelii, in ^ngle 

3 lolj. 8V0. pike to. Volume, eloUi lellered. 

; Biihop Jeramy Taylor'* Entire ii„. K, Lee', EamenU of Ma- 

Woilej Wllh Life by Eflihop Hkbe^ . tural Htetflty : or, Flrtl Frliudjiln of 

Kane.— WanderinpiofanArtiit tiom woodcuu. Fqp.Evo.7i.M. 

BmmiBUieriidtan.pf North AmcriiMj xiw Uttntt Of ft Betrothed, 

■ iSdbCMhJUrih?HX,W P'P' '"'•■ I""" »•■ '^^ 

§'f?^'K5S"v?itrMa^iiSl5: letteri to my TTnltnowii FrUnde. 

tioni In Ooloim, and Wood lingniv- b ■ Lidt. Author of IMUr$ en Uap- 

Ingi. Sro. Ue. jiIihm. FtmrH MIHeH. Pep. Bro. Be. 
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NEW W0EE3 AND NEW EDITIONS 



IbE.L.— The Poetical Works of 

Letitia Elizabeth Landon; comprising 
the Improvuatrieet the Venetian Brace- 
let, the Golden Violet^ the Troubadour ^ 
and Poetical Remaiits. 2 vols. lOmo. 
10s. cloth; morocco, 2l8. 

Dr. John Lindley's Theory and 

Practice of Horticalttire ; or, an At- 
tempt to explnln tlie principal Opera- 
tions of GarocninK upon PhyKioloKieal 
Grounds : Being tne Second Edition of 
the Theort/ of Uorticulturet much en- 
larged ; with 96 Woodcuts. 8vo. 2l8. 

• 

Dr. John Lindley^s Introduction 

to Botany. New Edition, with correc- 
tions and copious Additluns. 2 vols. 
8yo. with Plates and Woodcuts, 248. 

Dr. John Lindley's Bynopsis of 

the British Flora arranged according to 
the Natural Orders; containing Vos- 
culares or Flowerinjg Plants. TMird 
Edition (reprinted). Tcp. 8vo. 63. 

Linwood. •— Anthologia Oxoni- 

ensis. sive Floriletdum c Lusibus poet- 
icis (liTerBorum Oxoniensium Grscis 
et Fiatlnis decerptnm. Curante Guli- 
XLMO LiKWOOD. M.A. 8to. 148. 

Lorimer's Letters to a Yonng 

Master Mariner on some SuUects con- 
nected with Ids Calling. Fcp. 8vo. 
price 5s. Gd. 

Loudon's EnoyelopsBdia of Gar- 
dening: Comprisinir the Theory and 
Practice of Horticulture. Floriculture, 
Aboriculture, and Landscape-Garden- 
ing. With 1,000 Woodcuts. 8vo.Sls.6d. 

London's EnoyclopsBdia of Trees 

and Shrubs, or Arboretum et Fruetice- 
tumBritannioum abridged: Containing 
the Hardy Trees and Shrubs of Great 
Britain, Native and Foreisso, Scienti- 
fically and Popularly Described. With 
about 2,000 Woodcuts. Svo.SOb. 

London's EncyclopsBdia of Agri- 
culture: Comprising the Theory and 
Practice of the Valuation, Transfer, 
Laying -out. Improvement, and Ma- 
nagement of Landed Property, and of 
the Cultivation and Economy of the 
Animal and Vegetable Productions of 
Agriculture. With 1,100 Woodcuts. 
8vo. 81s. 6d. 



London'sEncyolopaediaof Plants : 

Comprising the Specific Character, 
Description, Culture, History, Applica- 
tion in the Arts, and evenr other de- 
sirable Particular respectmg all the 
Plants found in Groat Britain. With 
upwards of 12,000 Woodcuts. 8vo. 
price £3. ISs. 6d. 

London's Encyclopaedia of Cot- 
tage, Farm, and Villa Architecture and 
Furniture. New Edition, edited by 
Mrs. Loudon ; with more than 2,000 
Woodcuts. 8vo. 638. 

Loudon's Hortns Britannicns ; 

or. Catalogue of all the Plants found in 
Great Britain. New Edition, corrected 
by Mrs. Loudon. 8vo.81s.6d. 

Mrs. London's Lady's Conntry 

Companion ; or. How to Enjoy a 
Country Life Katioiiolb'. Foutth 
Edition. Fcp. 8vo. 5s. 

Hrs. London's Amatenr Cku:- 

dener's Calendar, or Monthly Guide to 
what should be avoided and done in a 
Garden. Second Edition, revised. 
Crown 8vo. with Woodcuts, 7s. 6d. 

Low's Elements of Practical 

Agriculture ; comprehending the Ctd- 
tivation of Plants, the Husbandry of 
the Domestic Animals, and the Eco- 
nomy of the Farm. New Edition; 
with too Woodcuts. 8vo.21s. 

Hacanlay. — Speeches of the 

Right Hon. Lord Macaulat. Corrected 
by lIuiSBLV. 8vo. 128. 

Hacanlay. — The History of 

England tram the Accession of James 
II. By the Bight Hon. Lord Ma- 
OAUiiAY. New Edition. Vols. I. and 
II. 8vo. S2s. ; Vols. III. and IV. 868. 

Lord Haoaulay's History of Eng- 

Lnnd from the Accession of James II. 
New Edition of the first Four Volumes 
of the Octavo Edition, revised and 
corrected. 7 vcia. post 8vo. 6s. each. 

Lord Hacanlay's Critical and 

Historical Essays contributed to The 
Edinburgh Review. Four Editicms :— 

1. A Library Edition (the Eighth), in 

3 vols. 6to. price 86«. 

2. Complete in Onb Yoluxb, with Por- 

trait and Vignette. Square crown 
8to. price 21s. cloth { pr 30b. calf. 

8. Another New EprrioH, in 3 Tols. fcp. 
8to. price 2Is. cloth. 

4. The Pkoplb's Eotrioy, in 2 vol*, 
crown 8vo. price Be. cloth. 
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Maoonlay. — Lays of Ancient 

Boone, with J«ry and the ilrmada. By 
the Ri^t Hon. Lord Macaui.ay. 
New EmUoQ. lemo. price 46. 6d. doth ; 
or lOs. 6d. boand in morocco. 

LordKaeaiUay's Lays of Ancient 

Borne. With numerous lUuatrations, 
Oritj^^ial Mid from the Antique, drawn 
on Wood by George Scharf, Jnn. Fcp. 
4to. 2l8. boards; or 428. bound in 
morocco. 

Mac Donald.— Poems. By George 

Mao Dovald, Author of WUkin and 
WUkout, Fcp.8vo.7i. 

Xac Donald. — WitMn and 

Without: A Dramatic Poem. By 
QzosexlfAcDoKALD. Fcp.8vo.4fl. 6a. 

Xao Dongall. — The Theory of 

War illustrated by numerous Examples 
from History. By Lieutenant-Colonel 
Mac Dougaix, Commandant of the 
Staff Golle^. ffeeomUMMon, revised. 
Poet 8vo. with Plans, lOs. 6d. 

Xao Dongall. — The Campaigns 

of Hannibal, arraniB^ and critically 
considered, expressly for the use of Stu- 
dents of Military History. By Lieut.- 
Col. P. L. Mao Douoaix, Commandant 
of the Staff College. Poet 8vo. 7s. 6d. 

H*Dongall. — The Eventfnl 

Voyage otJIJi. Ditooverj/ Ship Resolute 
to Ike Arctic ReuUma in tearch of Sir 
John Franklin and the Mining Cfretcn 
of H.M. Diecovery 8Aip$ Erebus and 
Terror, 1852, 1853. 185i. By Geobob F. 
M'DouoALL, Master. With a coloureil 
Chart, Illustrations In Lithc^raphy, 
andWoodcuto. 8vo.2l8. 

Sir James Mackintosh's Uiscel- 

laneous Works : Including his Contri- 
butions to The Edinburgh Review. 
Complete in One Volume ; with Por- 
trait and Vignette. Square crown 8vo. 
21s. cloth ; or SOs. bound in calf: or in 
3 vols. fcp. 8vo. 21s. 

Sir James Mackintosh's History 

of Sngland firom the Earliest Times to 
the final Establishment of the Refonn- 
vtioa. 2 vols. 8vo. 21s. 

M'Onlloeh's Dictionary, Prac- 
tical, Theoretical, atid Historical, of 
Commerce, and Commercial Kavi- 
ntion. Illustrated with Maps and 
Plans. New Edition, revised and 
adap t ed to the Present Time. 

iJuat ready. 



M'Cnlloch's Dictionary, Cko- 

graphical, StaUstical, and HisUnicaL 
of the various Countries, Places, and 
principal Natural OUects in the World. 
Illustrated with Six large Maps. New 
Edition, revised. 2 vols. 8vo. 03e. 

Magnire. —Borne; its Bnler 

and its Institutions. ByJoHxFBAircis 
Maouibe, M.P. Second Edition, wi- 
larged: with a new Portrait of Pope 
Pius IX. Post 8vo. 10s. 6d. 

Mrs. Marcet's Ckmrersations on 

Natural Philosophy, in which the Ele* 
ments of that Sdenee are familiarly exr 
plained. Thirteenth Edition, enlaiged 
and corrected: with 34 Plates. Fcp. 
8vo. price 10s. 6d. 

Mrs. Mareet's Conversations on 

Chemistry, in whieh the Elements of 
that Sdence are fiuniliarly explained 
and illustrated by Experiments. New 
Edition, improved. 2vols.fcp. 8vo.'14s. 

Marshman.— The life and Times 

of Carey, Marshman, and Ward : Em- 
bracing the History of the Serampore 
Mission. By Jouir Clabk Maushuait. 
2 vols. 8vo. 258. 

Martinean. — Studies of Chris- 
tianity: A Series of Original Papers, 
now first collected, or New. By Jahxs 
Mabtutxau. Crown 8vo. 7s. od. 

Martinean. — Endeavonrs after 



the Christian Life: 
Jaubs Mabtinbau. 
price 7s. 6d. each. 



Discourses. By 
2 vcds. post 8vo. 



Martinean. — Hymns for the 

Christian Church and Home. Col« 
lectod 9nd edited by Jaxxs Mabtutxau. 
EleoerUh Edition^imo. 8s. 6d. doth, 
or 58. calf ; Fijfth Edition^ 82mo. Is. 4d. 
doth, or Is. 8d. roan. 

Martinean.— Miscellanies: Com- 
prising Essays chiefly religious and 
controversiaL By Jambs Mabxisxait. 
Crown 8vo. 98. 

Mannder^s Bdentiflc and Lite- 
rary Treasury : A new and popular 
En(7cloiMBdia of Sdenee and the Belles- 
Lettres; induding all Branches* of 
Science, and everv sol^Ject connected 
with Literature and Art. Fcp. 8vo. 10s. 



HBW IrOBKS A 



Hannder'i BionKphiocI Trea- Metinle. - 

ntvi ccoditliw«M«iiolii, Shelchet, Ronuu unt 

■ndbilarNoUiHOdibeniV^Eiiil- B«. Csui 

untPHMUarAUAlMuaNutiKii. FaUowoTSt.. 

tnm IHa EntiiirtHlod of HlMory ; SiawtlbMi 



HileE.— IhB Eotm'* Foot and 

i T.~ILaS.~Tii:Wo.iii: HowtoK«pllSoiind.IKirtUBM«o., 

J <.ihu.0. A<.|i. vru.iv>. wlthnnAppandiionShoelnffinmnflral, 

■ lUimd«t'i Tm»irr of Hatmwl Sd i? wX.'£.''^?w^ii,i^S" 

HMinyi or, ■ Ponilir DIcUohht of Imsertiileio. lii. M. 

AnliulAil HaUin: In vbloh the ^ 

' d^^m^iw? Vwa™^'^^!*' Hilnsr'i HUtory of tho Ohoroh 

' of Christ. Willi AddltioM^OitUlB 

, Mftuader'i HUtorioal Treainry i NSia£!im*'™.Si'iriJi: iMO^i 

i mnprWDg a Geiiwjil. Introductory Notewbv Uie^T. T.4x^tham.B.D, 

UuUEW <^Uul*ttTal HUtMi, Ancient « ti^, Svo. ism. 

SSSLpuffi^Jfite};^ MiatnriL-Prom Haw York tft 

ChuuMr ftf^ib ngpccUT* luhabi- irelta, wid China. By ROBrai a 

luU. (lull BdiglDii, HiBnen, ud Uihtdbh. Jun. Wlth«ilaDr«I)«nitv 

[ CiiUoiiiB,Ac Flii.ai Ufc Mapotlndta. Pg« 8vo. 7«. M. 

I Maandoi • TroMury of Gaogra KollhaiwBii,— Diary ol a Jour- 

I p Ph •lal, li. rf-al DHuit p„ from Um Uiululpid to tlie C«.rt. 

'" dT Um Piuiflc, nilh B UnlHd tititn 

™ nmrnninune bipsdiUim. BlB.MOLL- 

uStfoJiSl 



Junei Hontgomory'i Toatloal 

I M Worka: CoaMUveEWtoo: wUta tlu 

I Xeiirae (Hub — Clirisbaii umpjaumpiNVatimixoitiiPiinniii 

XB L A. UiBiTXLi FciT B lOg. M. cloth I morooca, lli^-Or, in t 

jt.aa. Yol..fcp,9™.rtthPlm..Hfc 

I Merivale. — The Fall of the Hoore.— Tbe Power of tho 8onl 

RommD Republic: A Bliart Elilory °' "'"" **" ''"^ oiiuidtnd Id nlaltoii 

j By Bjn. C. Ueiitiu. Itaa. T>. M. ' Koou, H.D. Tcp. Bvo. fc. 



Mowa. — Uemairi, Janmal, and 
Edllld'by thrWijlil HowI^bd Jo "h 
Vlgnoiua. SvDlE. pmitBvo.fl.lB. 

Tlwnuu Hoore's Poetioal Works : 




Uorell, ^Elemsnta al Piycho- 

IllaI^ecu>leuisiib«ll>. Fi»E e<ia?7D. DiL 
. BythaAutll 
tfUf', Ss»nd B— 
ighoat. Fcp. ilO. M. 

Moirii (F, 0.) — AnecdDtea in 
BLrd^" fto!" F.-p. 8vo. {JuU MLiiiff ' 

KorriB {3.) ^ Xhs Life and 

Miu'tTnlDin fif BU Tliomas Btckel, 
AtchblsliDP of CouUTtlmi'v and Loi^atb 
of Iho HoTj K«>. "- 



UiehJund anil A^rlpuLtural Frlu t.i- 
KSu. BoyfllSvo-'aiBfaT "" 

MoBsley'i Keeliaiiical FrludpleE 






Caldwell. VoM. 1. to III. Bvo. utlci: 

Kmray'i Enoyolopndia of Oeo- 

nvphy. ninprlslnE i canijdeU Deicrl |i- 

ench Owmiiy, nnd Iha loiluMry, Uom- 
meiM, PoUtllMl InsttlntiaDhindClviL 

EdlliDni Willi 8«'MaiM,ltiidupwiird.of 
l.tuDaUurWowlcuU. 8vo.Ui. 
Keale.^The ClaunK Boene ; or. 
CliriillnnU; ind loDdeULy cuulrulod 
In UiB Liut Huum ol Kinniirkilllle Pur- 
KHI1. Kir ll^a Hoi. Kumus Niub, 



NormanbT (Muqnia of). — A 

k»iIt(uVMl.lnllMYi«rlMS, BjOio 

OgUvie,— The Kutar-Bnildnf 

ArchflBCtiirD u IniLicalfd in theTj^l- 



Sr. PsMlni's Elementi of Kkte- 

SdiUm. enlatKoa mil linlrDved from 
Uw Auttaofi KUWriali bv A. S. Ta- 
LOB, II.D„ ud a. O. biBL H.D, 



Olbarn. — Qnedah; or, Btray 
LewH fmm a Joain»l Ip Uelrvyan ' 
K,N.,C.U. With ■ mlDCMd Chart nil J 

OtboTiL-^rhe Duooreij of the 

Horlh-Wnt FuuRe by II.U.H. fnHi- 
rtpitor, Captain B. H'Clcub, ISM-IBM, 
EillWJ ta' CipUin BnisiBD Obsoui, i 
CD. Tlltrd Edition; irtth Portult, 
Chllrt, «ni liliMlmUoni. Bra. 15<, ' 

FrofBHor Oweo's Lectoras on 
tlieCoin]NArjtU-e Anftlomy andphyslo- 
llvdred At the ItoyaJ CkiU««of8urKfloiii. 

Frofoiaor Ovsa'i Lwtiuef on 

the CoiDpcuitive Aaatomy aud Phy- 
Blolo^' of the VerlebTflto Animals, de- 
Ucered al the Royal College of Hurseoni 

Memoira of Admiral Fairy, the 

Amlo NavUUor. SytaisSan,l]iB Rs>. 



Foryy— .The Tnnki, from theii 

Fltnl Aptieiirinw In Htotoiy to lh» 
DeUta or Kliig Pspin. By WiLrna C. 



FMohel'i Elammti Of Fhjitoi. 

andWocSoUi. »«l>.fcp.*o-°^r 
Fhtllipi'i Elementary Intiodao- 

tlon to "'"•"'fS''^'"" f^i^ 

uunierouB* Woodcnti. ' Foit Broi Ua. 
Fhillipg.— A Quide to Oeology. 

F,O^B-, JBo. Pounb E<iitlon, DOrnetBd ; 

PUue'B Chymiml, Sotiuril, and 



Fattiaon.— Tha Earth and the j 

S8. i{?l'*™H'™,F.Q.8. Fcp. 8ioi I 
Ih coloured Hav, 31. ea. I 

Peaki, FuHB, and Blauien: a i 
Beties or Eicunioiu b; Uemberg of ' 
th* AlpiiH Clnti. Edited ' 

tlie AliilAo Clut. ' Sw^nd 



kerehlcr. Scented Powdan, Odonnu 

TlDigan, DaDlUHCM, Pomalumi. Ooa- 

I in^clqueB, ParftnuedSaap, ftaiandan 

I Alipendii m Oa Coloun ol Elowen, 

ArtlftcUl Fn^t £aa«i«fla, Ac. Swond 

Fitt^^on to Brew Oood Beer : 

Stout, Gorier' an^ TaWt Beir.^'TS 
(Or WaklD* Mall. By JDHH VlTI, 
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Borter<— ^History of the Knights 

of Malta, or the Order of the Hospital 
of St. John of Jerusalem. By M^Jor 
Whixwohth PoitTBB, Royal EnRi- 
nters. With 5 Ulastrations. 2 vols. 
8T0.24S. 

Powell.— Estaya on the Spirit of 

the Inductive Philosophy, the Unity 
of Worlds, and the Philosophy of Crea- 
tion. By the Rev. BuIdbn Powsll, 
H. At, &c. Crown 8vo. Woodcuts, 128. 6d. 

PowelL — Christianity without 

Judaism : A Second Series of Essays 
ou the Unity of Worlds and of Nature. 
By the Rev. Badbn Powzll, M. A., &c. 
Crown 8vo. 7s. 6d. 

" This Tolame contains the pith of Professor 
Powell's argument urged often and powerfully 
■gainst the Judaic spirit among Christians. 
....Upon the theological part of Profes^o^ 
Powell's aigument we offer no opinion; we 
ahnply desire to make known the nature of 
his book, and to eectire for it the respect and 
attention it deserves." ExAXiNEa. 

Powell.— The Order of Nature 

considered in reference to the Claims of 
Revelation : A Third Series of Essays 
on the Unity of Worlds and of Nature. 
By the Rev. Babxjt Powbll, M.A. 
Crown 8vo. 12s. 

Pycroft.— The Collegian's Guide ; 

or. Recollections of College Davs : Bet- 
ting? forth the Advantages and Temp- 
tations of a University Education. By 
the Rev. J. Ptcsofi, B.A. Secorid 
Edition. Fcp. Bvo. Cs. 

Pycroft's Course of English 

Beading; or, How and What to Read : 
Adapted to every taste and capacity. 
With Literary Anecdotes. Fcp. 8vo. 5s. 

Pyeroft's Crioket-Pield ; or, the 

Science and History of the Game of 
Cricket. Third Edition; Plates and 
Woodcuts. Fcp. 8vo. 56. 

Qnatrefoges (A. De).— Bambles 

of a Naturalist on the Coasts of France, 
Spain, and Sicily. By A. Db Qx7a.tbb- 
VAGB8, Memb. Inst. Translated by 
E. C. OxTB'. 2 vols, post 8vo. 15s. 

Baikes (T.)— Portion of the Jour- 
nal kept by Thomas Raikxs, Esq., 
from idSl to 1817 : Comprising Remi- 
niscences of Social and Political Life 
in London and Paris during that pe- 
riod. New Edition, complete in 2 vols, 
crown 8vo. price 128. 



Bioh*s Illnstrated Companion to I 

the Latin Dictionary and Greek Lexi- I 
con; Forming a Glossary of all the ! 
Words representing Visible Objects i 
connected with the Arts. Manu&ctures, 
and Every-Day Life or the Ancients. 
With about 2,000 Woodcuts from the 
Antique. Post 8vo. 2l8. 

Biohardson.— Fourteen Years* 

Experience of Cold Water: Its Uses 
and Abuses. By Captain M. IIiohabd- 
soir. PostSvo. Woodcuts, 6s. 

Horsemanship; or, the Art of 

Riding and Managing a Horse, adapted 
to the Guidance of Ladies and Gentle- 
men on the Road and in the Field: 
With Instructions for Breaking-in Colts 
and Young Horses. By Captain Rich- 
ABDSON, late of the 4th Light Dragoons. 
With 5 Plates. Square crown 8vo. 148. 

Biddle^s Complete Latin-English 

and English-Lathi Dictionary, for the 
use of Colleges and Schools. New Edir 
tio7i, revised and corrected. 8vo. 21s. 

Biddle's Diamond Latin-English 

Dictionary'. A Guide to the Meaning. 
Quality, and right Accentuation of 
Latin Classical Words. Royal 82mo. 48. 

Biddle's Copioas and Critical 

Latin-English Lexicon, founded on the 
German-Latin Dictionaries of Dr. Wil- 
liam Freund. Poet 4to. 81s. 6d. 

Bivers's Bose-Amateiir*s Guide; 

containing ample Descriptions of all 
the fine leading variety of RosesLregu- 
larly classed in their respective Fami- 
lies ; their History and Mode of Culture. 
Sixth Edition. Fcp. 8vo. 3s. 6d. 

Dr. E. Bobinson's Greek and 

English Lexicon to the Greek Testa- 
ment. A New Edition, revised and in 
great part re-written. 8vo. ISs. 

Kr. Henry Bogers's Essays se- 
lected from Contributions to the Ediiv- 
burgh Review. Second Edition, with 
Additions. S vols. fcp. 8vo. 21s. 

Samael Bog^ers's Beoollections 

of Personal and Conversational Inter- 
course with Charles James Fox, Ed- 
mund Burke, Henry Grattan, Richard 
Porson, John Home Tooke, Prince 
Talleyrand, Lord Erskine, Sir Walter 
Scott, Lord Grenville, and the Duke of 
Wellington. Second Edition. Fcp. 
8vo. 5s. 



20 



N£W WORKS AND VSW EDITIONS 



Dr. Boget's Thesanrus of Eng- 
lish Words and Phrases classified and 
arranged so as to facilitate the Expres- 
sion of Ideas and assist in Literary 
Composition. Eiglitli Edition, revised 
and improved. Crown 8vo. lOs. 6d. 

Bonalds's Fly-Fisher's Entomo- 

l&gy: With coloured Representation 
of the Natural and Artificial Insects, 
and a few Observations and Instruo< 
lions on Trout and Grayling Fishing. 
Fifth Edition; with 20 new-coloured 
Plates. 8vo. Us. 

Bowton's Debater: A Series of 

complete Debates, Outlines of Debates, 
and Qiiestions for Discussion; with 
ample References to the best Sources of 
Information. Fcp. 8vo. 6s. 

Dr. C. W. Bnsseirs Life of Cardi- 
nal Mezzofanti : With an Introductory 
liomoir of eminent Linguists, Ancient 
and Modem. With Portrait and Fao- 
similes. 8vo. 12s. 

Sclierzer.-^Travels in the Free 

states of Central America : Nicaragua, 
Honduras, and San Salvador. By Dr. 
Cabl Scn£BZES. 2 vols, post Bvo. 16s. 



SchimmelFenninck (Vxb,^ — 

Life of Mary Anne SchimmeiPennlnck. 
Edited by her relation, Chbistiana C. 
Hankin. Third Emtion, with Por- 
trait. Post 8vo. lOs. 6d. 

SchimmelPenninck's (Mrs.) Se- 
lect Memoirs of Port Royal. Fifth 
BdiHon^ revised, &c. by the Author's 
relation, Chbistiana C. Hakkiit. 8 
vols, post Bvo. 2l8. 

SchimmelFenninck' s (Mrs.) Prin- 
ciples of Beauty ; with au Essay on the 
Temperaments, and Thoughts on Gre- 
cian and GotJiic Architecture. Edited 
by the Author's relation. C. C. Haitkiv. 
Post Bvo. with coloured Illustrations, 
price 12s. 6d. 

Dr. L. Schmitz's History of 

Greece, mainly basedupon Bishop Thirl- 
wall's History. Fifth Ediiion, with 
Nine new Supplementary Chapters on 
the Civilisation, Religion, Literature, 
and Arts of the Ancient Greeks, con- 
tributed by C. H. Watsok, M.A. Trin. 
Coll. Camb. ; also a Map of Athens and 
187 Woodcuts designed by Q. Scharf, 
jun., F.S.A. 12mo. 7s. 6d. 



Sooffem (Dr.)— ^Projectile Wea- 

Ejnsof War and Exi^osive Compounds, 
y J. ScoFFBBW. M.B. Lond., late 
Professor of Chemistry In the Alders- 
gate College of Medicine. Fourth Edi- 
tion. Post Bvo. Woodcuts, 9b. 6d. 

Senior.— Jonmal kept in Turkey 

and Greece in the Autumn of 1857 and 
the beginning of 1858. By Nassau W. 
Sekiob, Esq. With 2 Maps and 2 
Views. Post Bvo. 128. 

Sewell (Miss).— New Edition of 

the Tales and Stories of the Author of 
Amif Herbertt in 9 vols, crown 8vo. 
price £1. lOs. doth ; or each work com- 
plete in one volume, separately as fol- 
lows:— 

AMY HERBERT. 38. 6d. 

GERTRUDE 28. 6d. 

The EARL*S DAUGHTER . . 2s. 6d. 
The EXPERIENCE of LIFE.. 2s. 6d. 

CLEVE HALL Ss. 6d. 

IVORS, or the Two Cousins 38. 6d. 
KATHARINE ASHTON .... 38. 6d. 
MARGARET PERCIVAL ..5s. Od. 
LANETON PARSONAGE ..48. 6d. 

AIM by the Author of Amy Herbert. 

TTrsnla : A Tale of English 

Country Life. 2 vols. fcp. Bvo. 12m. 

History of tke Early Charch: 

Arom the First Preaching of the Gospel 
to the Council of Nicea. IBmo. 48. 6a. 

Self-Examination before Confir- 
mation : With ^Devotions and Direc- 
tions tor Confirmation-Day. S2mo.ls.6d. 

Readings for a Honth prepara- 
tory to Confirmation : Compiled fkrom 
the Works of Writers of the Early and 
of the English Chmrch. Fcp. Bvo. 4s. 

Beadings for every Day in Lent : 

Compiled froni the Writings of Bishop 
Jbbshy Tayi^b. Fcp. Bvo. 5s. 



Bowdler's Family Skakspeare : 

In which nothing is added to the Ori- 
ginal Text ; but those words and ex- 
pressions are omitted which cannot 
with propriety be read aloud. Illus- 
trated with 86 Woodcut Vignettes. 
The lAbrary Ediiiont In One volume, 
medium Bvo. price 21s. ; a Pocket Edi- 
tion. In 6 vols. fcp. Bvo. price 58. each. 



^lluQ^tlra, ivoll°8lD.£S.lSg. j 

Short WUit; itiBin, TrogrBSB, | 



I The Bev. Bydnsy Smith's XU- I 
FrllBiiconi Worhi : InoludiiiE bfi Cou- | 
tribntloni ta The Edinlmigta B*v>a». i 



Eimcton. — Hunahaokof buting'; 

ol, Kaw to Dint, IhforellcBllr. phllo- 
CsU of Brilinc-Hstu-In. ^I.k^ihd 

Smslaii.^Tha iDoniey of lita. 

TMe BwltUH nfLi/0. Kop. firo. ^^ 

Six Soger De Ooreiley. Trom 

TiTLBt Ctiwn"8vo™li.6d.!'Mil«! 
ill ini»ro(«) by Huyttii)^. 

ne Bketehe* ■ Three Tales. Bj 
8mee:i Etsmeati of Bleatro- 



ll Aat nr Mrlinclirm. !\ 



amitli <J.')— The ToyBSe an 

Bblpwreclc oT St. Paul: Wltu Dliu 



lOlr of the Bev. Sydney 



flnow.'^Two TsBrs' Cmiw off 

w!trciii™Mamli«n.uoni.''Ei'S'. i 

Bohert SoDthey'a Complete Poet- I 

U-alWnrV>-.rnnliiliii.niiUlhoAntbor-i ; 



flonttaey'B Doctor, eomidete in | 
.(."\v. "viMiB. I'l'.n. with nmuii. 



Soathey't Lite of Wesley; uid 



Spenoer,— EBBafs. BoieatlAe, Fo- 

RuLirlnlBd chlojiy frnm Qunrlerly Re- 

SpenMT. — ' The PrineipleB of ' 

AuUiorofKiriiiisnifhT. Sro.iat. 
etephea. — Lectnrei on the Eii- 



fltaiAen. — E»a7*iii SoolflEiu- 



'fbH' 






IdhiTnnrh 



Biihop Tblrlwnll'i Hlitwy of ^ 

OlWM. LlbrmrrEd!llon:»ilhilBBi. | 

a.oKavo.O.-ln Editfon InSviSi: , 

fcp, Sva. nllb VJgselte TIUh, Ht. ' 

Thonuon'i Seuoiu, Edited by I 

lnenvioEB ft- — . 

_M the EHhbiK I 




Stonslitnge't Work on. tlis arsy- 
hoand : BelnK s TnULw on th< Art al 
BnedlDg, RKirbiK, suil Tnbilun Gny- 

rimnfCoiinM. Wllh FronUtplKCUId 

Btew'i Tnuning Byitam, Koral 



Thomion (the B«v. Dr.)^Aii I 
Outlbio of the nBKuajrf Lm of 
Thought: A TreatlH on Pure and Aii- 



Thomton'i Ta^Iu of Intraett, 

et Tljrrtt FonTi FouP4nd^Hiil£ ' ' 
yivs jnir Onn., ftwn On* Poimi. _ 
Ten Thammd, ud ftom llo MB Dt^t, 
InaruulBTpnunubaiofilagloDHB) 

ftvm On* to Twviv* Hcmthii ud from 
On* 10 Tta Tture. Alw, nDnHnmi 
Hber TBblM of EichuiES, Ttm*. imd 
IHuounte. TbeStTtnteeDth Edition, 
thoronffhlr nrieed end iGBiBo^pfld. 



I BtriokUnd.— Ltveiof thaQnaeni ^^ 



The thnmb Bible ; or, Terbnni 

nnjrtUniiini, By J, TATLOm. 
Lei]te_^Lti_^Enf[Utl\^yerH, Raprlotfld 



HsrMBjeiw; Erali.UiiT»d«fft ^- Itom lie Bdil&n of IB 



Sjmondi.^llemain of the Idfb 

■nd Barvlne of IteKr-Adintnl Sir 
j Iba Nury.^'E^ud by J. aVShIip. 



«;;;.«' bTt^dST'ilS',' ?.£&:•£■. 

Fhyildln lo Kiog'i Collige Uowit*! i 
tUa ProreiHic of Oenenl and HoHjId 
AiULtomr In Khw'i CoUen. Lmdr- 
Now nmnlet* lot to1>. aro. pp. C,t 
llluitralfd with tfica Woddralo. pr 



TftjloT.— Loyola : and JeniltUm Tooke. 



Taylor.— Weeley and Kethod- 

toa. ^ UUO IlTLOL P»t Bts. 



afth*lBliuid,Fbiilnl. 



u_. with bop<nia Notic 



SfiSfs?'ltC B^LJ 



ooke.^Sutoiy of Frisat, s 

oTih* BUM of UaCfKolitltn. dni 

•I'*. Formliw Tot*. V. and TI, 
Toolie'i BiMtafr tf Prltai and «._ 
piialna a oootoiia isdai to the miuM 

work. By Ybomib Tood, F.E.8. 
and WrLUui Hhwicuoh. E Tola. 
evQ, 5!i. M. 

', < Trerelyan (Sir a) — Origtnal 

"sperm lUnetratlni: Ui* ffialory of Itae 
LppilcBtlon of tite Roman Alphahct to 
hs Langiiua* of India. Bdltad by 
Wkh of Banikrll In the 'Buulndia 
Mltsa, Halleybaiy. am. nlUi.llaii, 



ThaTnT«llm'i Library: A Col. Tn>llopB.—Tbe Tardea, sHovbI. ■ 

noU, [or $ck«l-i«~> I i:heiper Erlldon. CroKaaio.3l.ai 



ptilfm, bj tfr, GMki— *lil^ it Uu « 



I Trollopt's Baniheater lowan. 



=1. Bliaron Tnrnai'a Hiotory ot the 
"i Or. Tnrton'i Kannal of tbelAnd 

,i,r I and Fmli-WMrr Slulti et Qnit 

'„r Mi^ Urn Edrami. irUtrAdOltlni* 

"' ^ Uia WoRlCBf ODUBBtkn' lni& 
"' UrltMi Hwmm. Crown Svo. iritli 
|°- »cokinndFliU«,vrioaUhdotli. 

"•■ I Dr. TTrs's Diotionai? of Arts, 

'"'' HlDdbctoreB, and MIdh : ConblEibig 

.ifa and PnwUuT Now BCUtlon, ohififlT 

ic- TevriOm Hid jznally Hilarwdi vlth 

i„ it»rij toon \food«it». BSlod hj 

^ KOBEBT HuBT, P.lt.S„ F.S.8.. Ktepu 

■'' SdCloiiln ifprnts, 'pT^™. mSi. 
™~ forcaing 3 vols. Svo. 

Uwini. ^ Kamoir uid Coma- 

COmee or Thoiub Uvivs. B.A., lide 
^ of Ihe Royol GflllarlM and of Uie 



**!l'S*l™K^fw^^S"SI™. Van dar Hoevan's Handl>o(ili 



KoalOKF. TraziBlated' 



lOKf . TraziBlated m' ILa Rf 



TeliBe.— Uemdra of ttie_ Court, 



Ton Tempshy.^JBtla ; or, lu- 






bnullniiolliullHtem. Uw, ^jff^™*5y 

ly Hiuni* (aru or Tolumu. Ixaogtr, Ac. Poat Bro. Mi. ao. 
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NEW WORKS PUBLISHED BT LONaifAN AND CO. 



Wanderixigni in the Land of 

H«ra. By a Da-uohtib of Japhxt. 
Post 8vo. 80. 6d. 

Waterton.— EsBayi on Natural 

History, chiefly Ornithplopr. By C. 
Wathbtox, Esq. With the Antoblo- 
ffrapliy of the Author, and Views of 
Walton HalL 2 vols. fcp. 8vo. &s. eadi. 

Waterton's Essays on Natural 

Hlstoiy. Tbikd Sbribs ; with a Con- 
tinuation of the Autobtosraphy, and a 
Portrait of the Author. Fcp. 8vo. 68. 

Watson. — Cybele Britannica ; 

or. British Plants and their Geogra- 
phical Delations. By Hbwktt Cot- 
TBBLLWATsoir. 4voi8«8vo.4Ss.cloth; 
or each v<d. separately, price lOs. 6d. 

Webb. — Celestial Objects for 

Common Telescopes. By the Rev. 
T. W. Wrbb, M.A., F.R.A.S., Incum- 
bent of Hardwlck. Herefordshire. With 
Woodcuts, and Map of the Moon 12 
inches in diameter engraved ou Steel, 
Idmo. 7s. 

Webster and Parkes's Enoyclo- 

psdla of Domestic Economy; 00m- 
prlslnK such subdects as are most im- 
mediately comiected with House- 
keeplnff : viz. The Construction of Do- 
mestloEdifl:ce8,witiitheMode8 of Warm- 
ing, Ventilating, and Lighting them— 
A description of the various Articles of 
Furniture, with the Nature of their 
Materials — Duties of Servants— ftc. 
With nearly 1,000 Woodcuts. Svo.SOs. 

Weld. — The Pyreneest West 

and East. By Cbablbs Richabd 
Wbld, Banister-at-Law. With 8 Illus- 
trations In Chromo-xyl(^n^phy fh>m 
Drawings by the Autnor. Post 8vo. 
128. Od. 

Weld's Vacation Tonr in the 

United States and Canada. lOs. 6d. 



Wilmot's Abridgment of Black- 
stone's Commentaries on the Laws of 
England, In a series of Letters firom a 
Father to his Daughter. 12rao. 6s. 6d. 

Wilson's Bryologia Britannica : 

Containing the Mosses of (^reat Britain 
and Ireland systematically arranged 
and described according to the Method 
of Brueh and Sekimper; with 61 illus- 
trative Plates. Being a New Edition, 
enlarged and altered, of the MuteolO' 
gia Britanniea of Messrs. Hooker and 
Taylor. 8vo. 42s. ; or, with the Plates 
coloured, price £4. 4fl. 



Weld's Vacations 

Post 8vo. lOs. 6d. 



in Ireland. 



Willich*s Popular Tables I6r 

ascertaining tlie Value of Llfehold, 
Leasehold, and Church Property, Re- 
newal Fines, &o. With numerous ad- 
ditional Tables— Chemical, Astronomi- 
cal, Trisronometrlcal, Common and 
Hyperbolic Logarithms ; Constants, 
Squares, Cubes, Roots. Reciprocals, 
&c. Fourth Edition. PostSvo.lOs. 



Yonge.— ^A. New EagUsh-Greek 

liOzlcon: Containing siu the Greek 
Words used by Writers of good autho- 
rity. By C. D. YovGB, B.A. Second 
JSoJ^n, revised. Poet 4to. 21s. 

Yonge*s New Latin Gradns : 

Containing Every Word used by the 
Poets of good antnorltv. Fortheuseof 
Eton, Westminster, Winchester, Har- 
row, and Rugby Sdiools: King's Col- 
lege, London: and Marlborough Col- 
lege. Sixth SdiHon. Post 8vo. 9s.: 
or, with AppBirsix of J^pitAtfte, 12s. 

Yonatt's Woik on the Horse: 

with a Treatise on Draught. New 
Edition, revised and enlarged by E. N. 
Oabbibl, M.R.C.S., C.V.S., Secretary 
to the R^al College of Veterinary Sur- 
geons, with numerous Woodcut Illus- 
trations, chiefly from designs by W. 
Harvey. 8vo. price 10s. 6d. doth. 

Yonatt— The Dog. By William 

Youatt. A New Edition ; with nume- 
rous Engravhigs, from Designs by W. 
Harvey. 8vo. 6s. 

Yonng.— The Christ of History : 

An Argument grounded In the Facts of 
His Life on Earth. By John YouirG, 
LL.D. Second Edition. Post8vo.7s.6d. 

Yonng.— The Mystery ; or, Evil 

and God. By JoHir Youbg, LL.D. 
Po«t8vo.7s.6a. 

Znmpt's Grammar of the Latin 

Language. Translated and adapted for 
the use of English Students by Dr. L. 
ScHMiTZ, F.R.8.E.: With numerous 
Additions and Corrections by the Au- 
thor and Translator. Svo. 148. 

iSfptemberWBO. 
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